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ABSTRACT 
Economic theory states that the exchange rates influences movements in 
agricultural prices and are in an important determinant of the agricultural sector trade. 
This paper reviwed the theory and economic models under which exchange rate 
fluctuations create shifts in the excess supply and demand between countries in the 
international market along with a history of relations between the United States and 
the DR-CAFTA region.  
The theory is econometrically tested through the OLS method to examine to 
what extent the real exchange rates between the United States and less developed 
countries were constant with accepted theory. The agricultural trade movements were 
investigated by examining imports and export values between the United States and 
the selected counties and proposing the exchange rate as one of the explanatory 
variables in the econometric model. Given the interdependence of the trade flows 
within the region, the OLS equations were run as a system of equations under 
Seemingly Unrelated Regression estimation for annual exports and imports from 
1976 to 2004.  
The exchange rate effect entered into the model was expressed as the foreign 
countries’ currency value with respect to the U.S. dollar. The expectation was that 
depreciations in the U.S. dollar would have a positive effect on U.S. exports and a 
negative effect on U.S. imports from the DR-CAFTA region. There were some major 
concerns of this study in the underlying interdependence of the factors and their 
effects on trade. Among the results of this study, U.S. agricultural exports are given 
 ix
more emphasis, as the more stable and larger economy. The developed economy of 
the United exhibited behavior conforming to economic theory. The less developed 
Central American countries could not be expected to comply with economic theory 
when there are underlying socioeconomic factors affecting trade. The results, while 
inconclusive on the U.S. import side, show that exchange rates were important in 
explaining U.S. exports to the DR-CAFTA region.  
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CHAPTER 1  
INTRODUCTION 
1.1 The Exchange Rate and US Agricultural Trade 
“… an adequate understanding of the performance of the 
agricultural sector cannot be had without a more ample 
consideration of the exchange rate”.  
G. Edward Schuh, 1974 
Exchange rates aid in transmitting macroeconomic policies to the trade sector 
and are defined as the price of one currency in terms of another. They are used to 
convert foreign prices into domestic currency (and vice versa), thus enabling trade 
across international borders. Differences between countries’ relative prices determine 
the flow of products and the patterns of trade. Relative equality among those 
currencies leads to increases in trade, whereas currency differences have mixed 
effects on trade patterns (Krugman 2000). Economists have long had conflicting 
theories on the preference of steady exchange rates over allowing market forces to 
decide their value and thus greatly influencing the pattern of trade over the years.  
After the Second World War (WWII) many major currencies were redefined 
under the Bretton Woods agreement, giving birth to the International Monetary 
System in 1944. The International Monetary Fund (IMF) and the World Bank were 
established and the exchange rates of IMF member countries were pegged to the 
dollar. The member countries rates could only be adjusted if a country's balance of 
payments was in fundamental disequilibrium. In 1971 economic troubles led to the 
devaluation of the dollar casting doubt on the fixed exchange rate system.  By 1973 
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major currencies were under a floating system at rates set by market forces rather than 
government policies.   
A report for the Farm Bureau in 2001 (Rosson, et al 2001) asserted that 
exchange rates have influenced the competitiveness of U.S. agricultural products 
worldwide and provided a competitive advantage (or disadvantage) for U.S. 
agricultural products on the world market; stimulating (or diminishing) import 
competition in the domestic market.   
The Farm Bureau report found that a strong dollar made U.S. exports more 
expensive in other countries, reduced the cost of imported products, and resulted in 
lower prices for U.S. consumers. As a reverse effect, weak dollars lead to increased 
exports and higher producer prices, but lowered imports and raised prices for 
consumers.  This was confirmation of the empirical theories put forth by Schuh in the 
1970s; that the exchange rate has a definitive effect on U.S. agricultural trade. 
1.1.1 U.S. Exchange Rates with Central American Region 
The Central American region has been plagued by revolutions, coups and 
military regimes which have stagnated its economic growth through the mid 1900s. 
The majority of these less developed countries reinstated legitimate constitutions in 
the early 1980s (with the exception of Costa Rica and the Dominican Republic which 
have had democratic leadership since the 1940s and 60s, respectively).  
The geographic Central American region has been characterized with slow 
economic growth and largely agrarian based economies. The use of flat exchange 
rates prevented economic development, since they did not selectively curtail imports 
(MacDonald 1954). Flat or fixed exchange rates were controlled by a country’s 
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central bank, by intervening in the foreign market to prevent excess demand or supply 
of domestic currency assets and adjusting domestic money supply to ensure their 
asset markets were in equilibrium under a fixed rate against the U.S. dollar (Krugman 
2000). 
In recent decades, there was a shift from agrarian roots to a more 
industrialized sector through the growth of textile and manufacturing plants. Previous 
to these new eras of economic growth (in the 1990s and beyond), Central American 
exchange rates were fixed and were overvalued in the international market. Under 
floating exchange rates (where the governments central banks no longer intervened in 
the exchange market) flexibility was achieved through an individual country’s 
monetary policy autonomy (reducing foreign influences on inflation) and become the 
automatic stabilizers in international markets. Through the quick adjustments 
exchange rates countries could maintain internal and external balance when faced 
with changes in aggregate demand (Krugman 2000).  
At the end of the military regimes in the early 1980s, Honduras, Guatemala 
and El Salvador struggled to improve their ailing economies with the aid of larger 
economic superpowers such as the United States. Later in the decade, the Sandinistas 
were removed from power in Nicaragua and managed to improve their economy by 
the 1990s. Once under democratic control, with a change in monetary policy, the 
exchange rates were allowed to adjust to the world economy in a floating regime and 
most experienced a high devaluation in conjunction with skyrocketing inflation rates 
as their countries commenced new political regimes. As such, when these countries 
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FIGURE 1: Historical Real Exchange Rates in U.S. Dollars: 1970-2005 (2000 Index) 
currencies are now compared to the U.S. dollar, they have minimal value and have 
little or no influence on the open market (See Figure 1).  
Countries in Central America also use multiple exchange rates, due to the fact 
that they are dependant upon foreign trade and sensitive to external forces upon 
which they have no control (MacDonald 1954). These less developed countries are 
considered market followers and their economies depend partly on the U.S. economy. 
In fact, many of these countries have tried to improve their economies by either 
officially dollarizing their currency or working under unofficial dollarization. 
Dollarization occurs when another country adopts the U.S. dollar as its official 
currency. El Salvador is officially dollarized, while Guatemala, Honduras and Costa 
Rica allow dollar bank accounts. Unofficial dollarization is prevailing in Latin 
America and the Caribbean.  
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TABLE 1: Facts on the Dominican Republic-Central American Free Trade Agreement Region (2004-2005 Estimates) 
 
 
  Costa Rica 
Dominican 
Republic El Salvador Guatemala Honduras Nicaragua  
GDP (PPP* in Billions) $37.97 $16.12  $32.28 $27.2 $20.6 $12.3 
Growth rate (% in 2004) 3.9% -0.4% 1.8% 2.7% 4.5% 4.0%
Agriculture (% of GDP) 8.50% 12% 11% 23% 13% 22%
Major export market U.S. 44.1%, U.S. 80%, U.S. 65.4%, U.S. 28.9%, U.S. 54.4% U.S. 35%, 
Major Import source U.S. 45.9%, U.S. 48%, U.S. 46.3%, U.S. 39.6%, U.S. 37.5% U.S. 22%, 
Constitution 1949 1966 1983 1985 1982 1987
*PPP- Purchasing Power Parity                                                                                     Source: Bureau of Western Hemisphere Affairs
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The Central American countries have very close foreign relations with the 
United States, which in most cases constitutes more than 50% of their international 
trading (Table 1) and the U.S. government has made large investments in the 
development of the economies and infrastructures through development and 
assistance programs. The United States Agency for International Development 
(USAID) participates in these countries and its activities range from health care and 
increasing economic opportunity, to programs improving democratic processes and 
development of free market economies. 
The highest valued currency against the dollar is that of Guatemala, which 
Quetzals in the last 25 years has averaged around 71 cents in real dollar terms. The 
currency for El Salvador (Colones) averaged a value of about 22 cents of a real US 
dollar and both Honduras (Lempiras) and the Domincan Republic (Pesos) have 
averaged around 37 cents of real US dollars in that same time span. Nicaragua 
(Cordobas), which had a dynamic inflationary period in the 1980s averaged 10 cents 
to the U.S. dollar and Costa Rica currency averaged around 8 cents to the U.S. dollar 
in the 25 year period. Each of these countries experienced a change in their exchange 
rate regimes along the timelines and this greatly affected the value of their currency 
(See Table 2).  
Each of the countries began the observed 25 year span under fixed exchange 
rates pegged to the U.S. dollar. Domestic monetary policies for each country changed 
in varying years during the 1980s as they changed over to a managed floating 
exchange rate regime, (Costa Rica 1981, Dominican 1985, Guatemalan 1986 and 
Honduras 1989) with the exceptions of El Salvador and Nicaragua. El Salvador used 
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the latter part of the 1980s to prepare for the dollarization of their currency, which 
took place in 1991. In January 2001, El Salvador’s own currency was to be phased 
out of the domestic market and the dollar is now the only unit of account in the 
financial system. Nicaragua’s turbulent history led to high inflationary periods of the 
currency, several currency changes (Old Cordoba, New Cordoba and Gold Cordoba) 
in which the nominal exchange rate skyrocketed to exponential amounts by 1990 (2 
million New Cordobas per U.S. dollar). It began official floating management in 1991 
under the new gold Cordoba. 
TABLE 2: Real Exchange Rate Averages under Different Monetary Policies  
Costa 
Rica 
Dominican 
Republic 
El 
Salvador Guatemala Honduras Nicaragua Exchange Rate Policy 
(Colones) (Pesos) (Colones) (Quetzales) (Lempiras) (Cordobas) 
25 year span average $0.076 $0.374 $0.224 $0.709 $0.371 $0.105 
Fixed Regime $0.209 $0.751   $1.270 $0.570 $0.112 
Prior Dollarization     $0.267       
Monetary Collapse           $0.012 
Managed Floating  $0.016 $0.092   $0.236 $0.106 $0.137 
Dollarization      $0.117       
Source: United Nations Statistical Database 
 
Any references to currencies being “stronger” have been avoided since there 
is much debate as to whether Central American countries have undervalued 
currencies in relation to the U.S. dollar. An overvalued or undervalued currency 
occurs with respect to purchasing power parity (PPP) or relative to the rate presumed 
needed to balance the current account. Under the law of one price, the PPP should 
equalize exchange rates between two countries.  
If one currency (the U.S. dollar) is overvalued with respect to another 
currency then the spot exchange rate exceeds the PPP exchange rate and goods and 
services cost more on average in the United States (and are relatively cheaper in the 
foreign country). The second instance is where there is an exchange rate assumed 
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necessary to induce a trade balance. Here, when a trade deficit occurs, fluctuations in 
exchange rates reduce imports or raise exports. This type of exchange rate would also 
depend on other factors influencing the trade balance, all which deviate in value 
depending on the current economic situation and simultaneously affect the exchange 
rate for balanced trade. A depreciation of a currency to balance trade results in an 
overvalued currency and an appreciation is an undervalued currency.  
Whichever case is being considered, for a small exporting country (which 
faces fixed prices) an overvalued exchange rate would lower the world price in the 
domestic currency, resulting in increases of domestic demand and reduction of supply 
and that export quantity and value would fall. (Schuh 1975) Conversely, an 
undervalued exchange rate would increase world price in its domestic currency and 
result in a decrease on demand for domestic goods and an increase in the supply and 
export quantity.   
1.2 U.S. Trade with Central American Region  
Liberalized trade has long been economically defended as an essential part of 
international trade. In the 1950s and 1960s, the United States unilaterally opened its 
trade borders to foreign imports and created strong economic ties with developing 
countries and industrialized nations.  
In 1983 the United States introduced a temporary program called the 
Caribbean Basin Initiative (CBI). The CBI was a unilateral program set off by the 
1983 "Caribbean Basin Economic Recovery Act" (CBERA). The CBI started on 
January 1, 1984 and was designed to grant tariff and trade leniency to many Central 
American and Caribbean countries. The United States used this program as a form of 
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indirect aid and trade to countries which had not joined in some of the communist 
movements that were in dynamic growth in some countries of the area, for instance 
the guerrillas in El Salvador and the Sandinista government in Nicaragua. The CBI 
was made permanent with the Caribbean Basin Economic Recovery Expansion Act of 
1990, branded as "CBI II" (USAID).  
When the U.S. entered into the North American Free Trade Agreement 
(NAFTA) in 1994 with Mexico (making it easier for Mexico to export to the U.S.) the 
CBI countries lost their advantages relative to Mexico. The Central American 
countries now had a large competitor in regards to exports to the United States and 
sought after increases in their own preferences and achieve equality. The 2000 
Caribbean Basin Trade Partnership Act (CBITP), later broadened in 2002, enabled 
some parity among the exporting Central American countries relative to Mexico and 
several agricultural and textile exports received preferential status in the United States 
(Pregelj 2005).  
Trade among the United States and the Central American region has increased 
in the last 15 years. Agricultural trade between the United States and Central America 
(and the Dominican Republic) from 1989 has steadily grown from a nearly 6 billion 
dollar industry to more than 12.5 billion dollars in 2004 (U.S. Department of 
Commerce). Agricultural exports from the region to the United States have grown 
from just under 3.5 billion dollars in 1989 to nearly 7.0 billion dollars in 2004 (Figure 
2).   
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FIGURE 2: Value of US Exports/Imports from DR-CAFTA: 1989-2004 
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FIGURE 3: Combined US Trade Balance of Trade with DR-CAFTA (2000 Index) 
Source: USITC 
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In Figure 3, the United States has experienced a general trade deficit with the 
DR-CAFTA region when in regards to bilateral agricultural trade. From a nearly 20 
million dollar trade deficit in 1976, it decreased by half in the early 1990s to around 
10 million dollars. By the beginning of the latest decade, the trade deficit has come 
down to around 4 million dollars the last 3 years. The largest individual trade deficits 
have been with Guatemala and Costa Rica. The United States has a trade surplus with 
the Dominican Republic and El Salvador (Refer to Figure 4). 
 
United States Agricultural Trade Balance
 (MIllions of Real US Dollars)
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Guatemala Honduras Nicaragua
FIGURE 4: U.S. Balance of Trade Individual Countries (2000 Index) 
 
The encouragement of bilateral trade, the sum of exports and imports between 
the United States and Central America through increasing agreements of bilateral and 
multilateral trade agreements, have increased the volume of trade in the last 25 years. 
Source:USITC 
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As trade negotiations seek to enhance economic relations between the countries, in 
particular the trade of goods and services and investment; they also strengthen 
cooperation to liberalizing trade in accordance with principles of the WTO. 
Since the CBI inception; bilateral trade between the United States and the 
different Central American countries has slowly increased. With the setting up of 
additional negotiations promoting free trade, the bilateral trade values have increased, 
in some cases to double the values seen in the 1980s (See Figure 5). The 
implementation of a Central American Free Trade Agreement (CAFTA) is expected 
to promote even greater volumes of trade in the area. 
 
United States Bilateral Trade 
In 1000s of U.S Dollars (2000 Price Index)
0
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16000
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$
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CBI NAFTA CBITP
Period of Changes 
in Monetary Policy
Source: USITC
FIGURE 5: Real Value of Total U.S. Bilateral Trade over 25 years (In 1000s) 
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1.2.1 The Dominican Republic-Central American Free Trade Agreement (DR-
CAFTA) 
 
Intraregional trade is low in Central America, in comparison to the trade in 
other subregions (InterAmerican Development Bank). The five Central American 
countries carried out negotiations within their common market in 1998 for general 
reduction of barriers to interregional trade, where goods originating in Central 
America were exempted from tariffs at the intra-regional level (with some 
exceptions). Simultaneously, regional trade regulations were revised in order to 
conform to the commitments of multilateral trade negotiations within the World 
Trade Organization. Further negotiations, with the Northern Triangle (consisting of El 
Salvador, Guatemala and Honduras) and Mexico were initiated. The Central 
American Common Market (CACM) signed a Framework Agreement with 
MERCOSUR to strengthen integration and trade relations between Central America 
and Chile.  
The Central American-United States Free Trade Agreement Implementation 
Act (CAFTA), was a proposed trade agreement between the U.S. and five Central 
American countries: Costa Rica, Guatemala, El Salvador, Honduras, and Nicaragua. 
The negotiations were further promotion of the region’s ambition to achieve a sort of 
“parity” with Mexico’s inclusion into NAFTA. In 2004, the Dominican Republic was 
attached to the negotiations, and the agreement became known as DR-CAFTA.  
The DR-CAFTA agreement is based on NAFTA which currently 
encompasses the U.S., Canada, and Mexico. DR-CAFTA was also seen as a 
springboard towards the Free Trade Area of the Americas (FTAA), which is another 
free trade agreement that would include the entire American continent and the 
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Caribbean nations (except Cuba). Canada is negotiating a parallel treaty called the 
Canada Central American Free Trade Agreement. 
The U.S. Senate approved the DR-CAFTA agreement on June 30, 2005 and it 
was signed by the U.S. President on August 2, 2005. This trade program will create 
free trade between the region in the course of reductions and eliminations of barriers 
to trade.  For DR-CAFTA to be achieved, it still must be ratified by the legislatures of 
all countries. The Dominican Republic, El Salvador, Guatemala, Nicaragua, and 
Honduras have already approved the agreement but Costa Rica has yet to ratify the 
agreement and the 2006 elections are projected to affect the likelihood of 
confirmation. 
The DR-CAFTA region is the second-largest Latin American export market 
for U.S. producers, behind only Mexico. It is expected to be a plus to U.S. 
agricultural producers. If passed, it would mean duty-free import and elimination of 
export subsidies on agricultural products. Some 80% of tariffs on U.S. exports to the 
participating countries would be eliminated instantly and the rest would be phased out 
over the next ten years. Under the U.S. Caribbean Basin Initiative, the majority of 
goods produced in these countries has already been entering the United States duty-
free and would not require significant reductions in U.S. import duties with the other 
countries involved in the agreement.  
Other DR-CAFTA aims include the opening of all public services to private 
investment, guarantees to foreign investment, phasing out protectionist barriers in all 
sectors, dismantling national monopolies, enforcement of environmental laws and the 
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International Labour Organization's labor standards and government corruption 
reduction. 
1.3 Problem Statement 
This study investigates the impact of real exchange rates between the United 
States and the DR-CAFTA on the region’s bilateral agricultural trade. Econometric 
time series models will be estimated to examine the dynamic effect of exchange rate 
fluctuations during 1980-2004 on bilateral trade in the selected countries. The 
research question posed in this thesis is as follows: Can the exchange rate be used as 
an explanatory variable for the trade pattern for the United States and DR-CAFTA 
region?  
1.4 Justification 
The analysis of exchange rate influences on international trade has been of 
interest for many years. Previous works have evaluated the impact of the U.S. 
exchange rate in comparison to other markets with considerable influence on 
international trade or industrialized markets (Cho and Koo 2004, Taylor and Spriggs 
1989, Sheldon 2003, Wanf and Barret 2002, Orden 1999 and Iannizzotto and Miller 
2005).  
Given the deficit trade pattern over the previous years, and the strength of the 
dollar in the Central American region, it is important to determine if there is a 
correlation with the individual countries’ exchange rates. In essence, this study will 
examine the effects of the U.S. exchange rate with the trade of less developed 
countries of Central America.  
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1.5 Objectives 
The main objective of this study is to determine to what extent real exchange rates 
influence bilateral agricultural trade with the United States and the lesser developed 
economies of Central America. Specifically, this study will concentrate on the 
following objectives: 
1) Present an overview of the background and theory following the importance 
of exchange rates in agricultural trade. 
2) Propose an empirical model with which to analyze the impacts of real 
exchange rates on bilateral agricultural trade. 
3) Determine to what extent the real exchange rates between the DR-CAFTA 
region and the United States impact the corresponding bilateral agricultural 
trade between the respective economies. 
1.6 Outline of the Study  
The thesis organization is as follows: following this initial chapter which 
provided the background theory, the second chapter provides a literature review of 
the relationship among exchange rates and agricultural trade. Chapter Three will 
develop the time series model to be used as the analytical framework and the results 
and further analysis from the model will be discussed. Finally, Chapter Four will 
display the findings of the study and their implications along with a summary of this 
thesis. 
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CHAPTER 2  
LITERATURE REVIEW 
Implications that the exchange rates’ importance in interpretations of U.S. 
agricultural development and trade problems were first addressed by Schuh (1974) 
where he found that the overvaluation of the dollar and the policy measures used to 
combat it aggravated U.S. agriculture during the 1950s. He argued that the exchange 
rate was a variable affecting how the benefits of technical change had been 
distributed between the U.S. economy and the external markets. Schuh stated that the 
exchange rates over-valuation of the dollar influenced increases in agricultural prices 
and therefore are necessary to understanding the agricultural sector.  
In further exposition of his work, Schuh (1975) found that for a small 
exporting country (which faces fixed prices) an overvalued exchange rate would 
lower the world price in the domestic currency, resulting in increases of domestic 
demand and reduction of supply and that export quantity and value would fall. When 
comparing larger countries, both have an effect on world prices falling or rising in 
their own markets. Schuh stated that in the long run there would be sustained price 
effects from devaluation.  
The implications were that if the U.S. currency devalued, and no government 
measures offset them, it could result in a rise in the price-relative ratio, a rapid 
increase of land values an increase in the consumers’ fraction of food expenditures 
would rise and a definitive shift in the product mix of U.S. agriculture towards export 
products (Schuh 1974). 
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Bilateral trade flows have often been defined under terms of distance and a 
country’s economic size. Srivastava and Green (1986) considered additional variables 
importance such as demographic variables (like population and economic size), 
cultural similarities and political variables (such as memberships into economic 
unions).  The study analyzed the determinants of the relative strength of trade 
between nations on the aggregate and trade specific levels. They found that 
determinants varied by the type of product traded. In particular they found 
manufactured goods were greatly affected by a country’s political instability and the 
cultural similarities among trading partners.  
Srivastava and Green found that GDP and population had greatly explained 
total volumes of trade in earlier studies. Once controlling for size however, research 
showed unproportionate  influence on trade flows relative to a nations economic size 
relative to the international community. The study found that the explanation to trade 
flows would be improved with refinements in the measures of individual variables 
(political instabilities and cultural similarities) and the inclusion of variables such as 
trade restrictions and political relations between countries. 
Engel (2001) examined optimal exchange rate regime through a two-country 
sticky-price general equilibrium model to examine the conditions under which fixed 
or floating exchange rates yielded higher welfare depending on the exact nature of 
price stickiness and on the degree of risk-sharing. Engel presented empirical evidence 
on Mexican consumer behavior in regards to prices, suggesting failures in the 
argument for the law of one price.  
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Engel further theorized that the stabilizing properties of the exchange rates 
and the effects of exchange rate regimes on the general economy were dependent on 
prices and that the price setting behavior depended on financial markets. The paper 
also concluded that capital mobility’s effects on exchange rates depended on how the 
price of goods were set. Exchange rates served as automatic stabilizers under 
monetary shocks and the choice of exchange rate regime could effect the degree of 
monopolistic inefficiency in the economy. Engel felt that his results were useful in the 
assessment of the benefit of permanently fixing an exchange rate (through 
dollarization), which would enable a more stable monetary policy and consumption; 
but that this was dependent on the level of pass-through to final goods prices. 
In analyzing the pattern of trade between United States and China, Cho and 
Koo (2004) studied the effect of the bilateral exchange rate and claims that the Yuan 
was undervalued by being pegged to the US dollar and creating a large Chinese trade 
surplus with the US. The model (using parsimonious reduced form equations) 
controlled for alternative factors influencing bilateral trade flows between the US and 
China, specifically, trade liberalization and third country effect on exchange rates. 
Their results found that the United States-China bilateral exchange rate did not have 
an important role in explaining bilateral trade between the two countries.  
Cho and Koo did find that relative changes between the U.S. currency and the 
Southeast Asian countries were better at explaining the trade imbalance with regards 
to high tech manufactured products. This leads to the conclusion that a depreciated 
U.S. dollar against Southeast Asian currencies would be more indicative of the trade 
imbalance between the United States and China. In regards to trade liberalization, 
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there was a one to one increase with regards to homogenous products such as 
agricultural goods, but a greater trade-off in terms of the higher manufactured 
products. This lead to the conclusion that while it would increase imports of Chinese 
manufactured goods to the United States, it would prove to be an increase for exports 
for the U.S. agricultural sector. 
Trade theory indicates that the real exchange rate is the relative price of traded 
goods to non-traded goods. Orden (1999) wrote that real exchange rate movements 
will accommodate changes in technology, income levels or overseas borrowing that 
will clear the markets by appreciating or depreciating as necessary. He stated that this 
did not affect a countries terms of trade, that real exchange rates affected imports and 
exports in a symmetrical way. Orden asked what role exchange rates had on the 
dynamics of agricultural trade. He answered by tracing monthly movements of real 
values of agricultural exports and imports from 1975 to 1998 and finding similar 
movements of the exchange rate when compared to the real export value.  
Orden found that U.S. exports rise with a depreciation of the dollar and fall 
with an appreciation. There were price and quantity effects reinforcing the export 
movements and working against the value of imports (depreciation raised dollar 
prices and lowered import quantities). Orden stated that the effects of exchange rate 
and income on agricultural trade could be measured in time series models, which 
agreed with Schuh’s initial work back in 1974.  
Orden used a VAR model to gauge exchange rates and export values and 
found the exchange rates were exogenous when studying the dynamic response of 
U.S. agricultural import values in Mexico and Japan with response to exchange rates, 
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income and import shocks. Orden established that an appreciation lowered the import 
value in the short run in both countries and are larger for a greater degree of 
appreciation (as suffered by Mexico in late 1980s). Income shocks were smaller in 
magnitude in the short run compared to an exchange rate shock. Orden concluded that 
there was a risk in underestimating macroeconomic influences on agriculture and 
agricultural trade, movements in the real exchange rate, while not always dominant, 
mattered to agriculture.  
Orden observed that appreciation of the dollar created urging for government 
protection and supports for trade sectors and that further appreciation would have 
detrimental effects on farm policy worldwide, by “undermining reform in the United 
States”. He further concluded that exchange rates served an equilibrating role when a 
market requires a systematic movement in the relative prices of traded and non-traded 
goods, which in turn depend on international capital flows and macroeconomic 
factors that determine those flows. 
Where as prior studies had shown that the real agricultural exchange rate is 
important in the transmission of macroeconomic effects to agriculture, Bradshaw and 
Orden (1990) modeled prices and sales of important commodities and considered 
certain model specifications based on alternative lag length selection criteria and 
testing the MSE forecast significance. For a Granger causality test, Bradshaw and 
Orden tested the null hypothesis that the coefficients of the lags of the exchange rates 
were jointly zero for the price or export variable. Depending on how the lag length 
was chosen and the selection of sample tests was important in determining granger 
causality.  
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Granger defines causality as “whether or not there is causality from y to x is 
defined by whether or not an optimal forecasting model for xt using past values of x 
and y performs better than one using only past values of x”. Bradshaw and Orden 
(1990) used the Granger causality tests to determine whether the agricultural 
exchange rate could be used to forecast prices and exports of wheat, corn, and 
soybeans. The paper studied the impact of real agricultural trade weighted exchange 
rate on forecasts of real cash prices and export sales volumes of the three products in 
bivariate models. It also suggested that using out-of-sample forecasting competitions 
by using a test called Mean Square Forecasting Error in a bivariate model provided a 
more direct execution of granger causality. Their evidence supported a causality from 
the exchange rate to export sales for the selected commodities, but mixed results 
when it came to prices. 
Forecasting accuracy tests were used as a criterion for out-of-sample 
approaches supported the granger causality at higher levels of significance. The 
results showed short run purchasing power parity for movements of the real exchange 
rate and viewed effects over time on quantities of traded goods, given past export 
quantities. And while the exchange rate effects were hard to detect in export sales, the 
price driven market was reflected by the agricultural exchange rate, through this 
method. 
According to Engel and Granger (1987) short run variables tend to vary from 
one another, but economic forces bring them back to a long-run equilibrium. Their 
paper used a theorem by Granger in 1983, which makes a connection between the 
moving average, autoregressive and error correction representations for co-integrated 
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systems. Using a monte carlo simulation to find a test procedure for application of the 
theory they defined different forms for cointegration systems and found error 
correction form with the assumption of no moving average term to be the most 
convenient procedure for cointegrated systems. Cointegration is a technique for 
testing the correlation between two or more non-stationary time series variables. If 
the series are themselves non-stationary, but a linear combination of them results as 
stationary, then the series are cointegrated. 
Kim, Cho and Koo (2002) estimated the significance of the exchange rate in 
regards to agricultural bilateral trade between the United States and Canada after the 
Canada – United States Free Trade Agreement (CUSTA) and how that affected 
United States farm income. The study evaluated the short and long run 
responsiveness of U.S. agricultural income to changes in the U.S.-Canada bilateral 
trade and the exchange rate under CUSTA.  
The study used a Vector Error Correction Model (VECM) for analyzing long 
run relationships among exchange rate, bilateral trade and U.S. agricultural economy. 
Their model evaluated the impact of the exchange rate and CUSTA on the U.S. 
agricultural sector (Granger-causality relationship). These variables were considered 
to be cointegrated and prime for the steady state requirements of the VECM.  
The CUSTA exchange rate, Canada-U.S. bilateral trade and the U.S. 
agricultural economy are in constant flux to achieve equilibrium in the long run.  The 
VECM was used on time series quarterly data from 1983 to 2000 to evaluate value of 
U.S. exchange rate versus the foreign exchange rate on U.S. trade flows and U.S. 
agricultural economy. The dynamic interactions among the selected five variables the 
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US-Canadian bilateral exchange rate, U.S. exports to Canada, and Canadian imports 
to the United States. Domestic prices and the national U.S. farm income were used to 
test the relevance of the cointegration model.  
The study found that the U.S.-Canadian exchange rate has significant short 
run impacts on bilateral agricultural trade. However in the long run, the impacts 
diminish on U.S. exports and U.S. imports remain affected leading to a trade deficit 
with Canada. The study observed exchange rate and bilateral trade affected farm 
income in the short run and only Canadian imports affected farm income in the long 
run. The exchange rate was influencing the model to vary from long run steady state 
but was not influenced by other variables, mainly because the agricultural economy 
was less than 3% of the overall U.S. economy. 
Kim and Koo (2002) used a VECM and a Vector Moving Average 
Representation (VMAR) to check the degree of involvement exchange rates had on 
the agricultural and industrial sectors. By using quarterly data from both sectors, they 
attempted to find how exchange affected domestic trade and economy, how the two 
sectors reacted differently and whether exchange rates acted exogenously or 
endogenously in each sector. It found both short and long run shocks were significant 
on exchange rates, and those shocks to the exchange rates were stronger in the 
agricultural sector than the industrial sector.  
Kim and Koo found U.S. international trade and its domestic economy were 
vigorously interconnected, and that interaction was stronger in the industrial sector. 
The sensitivity was different in each sector, being larger in agriculture than in 
manufacturing, since agriculture suffered a comparative disadvantage when the U.S. 
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dollar appreciated because the United States imported inputs to be processed for 
domestic consumption (and did not re-export). The study found that the exchange rate 
is exogenous in the agricultural sector, which meant the exchange rate pushed other 
variables in the system to deviate from equilibrium. They found the exchange rate 
was endogenous in the industrial sector (the exchange rate is influenced by other 
factors).  
Wand and Barret (2002) examined the effect exchange rate volatility on 
international trade flows with regards to Taiwanese exports to the United States from 
1989-1998. They used sector specific (disaggregated), monthly data and a 
multivariate GARCH estimator to test the hypothesis that traders’ forward contracting 
behavior was affected by exchange rate risk. The study found that agricultural trade 
volumes were highly responsive to real exchange rate volatility and that other sectors 
did not have any significant relationship between U.S.-Taiwan trade and exchange 
rate volatility.  
The lack of effect in other sectors was explained by the forward currency 
markets use by Taiwanese exporters to eliminate exchange rate risk and the 
longstanding business relations between trading partners to eliminate risk in intra-
firm trade. The paper did address an issue of non-normality, and that failure to 
address the issue leads to an overstatement of the negative effect of the exchange rate 
risk on international trade flows. 
Under OLS, error terms are assumed to be independently distributed and that 
the OLS estimates are unbiased, reliable, and asymptotically normal. However, if the 
assumption is made that the error terms for one equation are correlated with the error 
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terms for another equation in the same observed time period, then there is a 
possibility of contemporaneous correlation across the regressions' error terms. 
Contemporaneously correlated errors exist if there are unobserved behaviors that are 
related to the errors of other equations.  Breusch and Pagan (1980) proposed a test for 
detecting contemporaneous correlation in regression errors with a Lagrange multiplier 
test on the covariance’s of the equations assumed to have contemporaneous 
correlation and thus warrant the use of a method called seemingly unrelated 
regression (SUR) with OLS equations. 
The econometric advantages in using the SUR model system are outlined in 
Zellner’s (1962) framework in which efficiency gains result from pooling samples 
and using a multiple OLS system that relies on the variance-covariance matrix to 
improve the estimators within the system as a whole. The theory assumes that an 
economic model may contain multiple equations which appear independent of each 
other (not estimating the same dependent variable or using different independent 
variables) but use the same data; the resulting errors may be correlated between the 
equations. The SUR estimator relies on the assumption that the variances of the error 
terms and the contemporaneous correlations across the equations' error terms are not 
time dependent. 
This paper attempts to use previously established determinants of bilateral 
trade between two countries and translate it within a multiple country framework. The 
determinants used in previous works will be used to examine exchange rates effects 
on bilateral trade between the United States and the six countries comprising the DR-
CAFTA. This grouping of multiple bilateral equation time series may be best 
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expressed in with basic OLS estimates. The OLS will yield unbiased & consistent 
estimates for the separate equations, but that approach will ignore the assumed 
correlations of the estimates errors and would be less efficient.  
The advantage of using the SUR method for groups of equations using similar 
(if not the same) data is that it will aid in capturing the unexplained variation in the 
non-specified variables in a group of observations over time. If there were no gain 
from the SUR method, there would be no change from the original OLS estimates. 
The SUR approach takes into account the variability across equations and is BLUE 
(best, linear, unbiased estimate) and the gain in efficiency from using SUR estimates 
increases with the correlation between equation errors and decreases with the 
correlation between equation regressors (Wirjanto 2005). 
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CHAPTER 3 
ANALYSIS OF EXCHANGE RATE EFFECTS 
3.1 Exchange Rate Management 
A government’s central bank defines a fixed or pegged exchange rate by tying 
the local currency to the U.S. dollar. In order to maintain the rate, the central bank 
must buy and sell its own currency on the foreign exchange market against the U.S. 
dollar. A fixed currency is used to ensure stability in developing nations, to create a 
stable atmosphere for foreign investment (Krugman 2000). Fixed exchange rates 
helped curtail inflation rates, generate demand, and increase confidence in the 
currency stability.  
History showed that fixed exchange rate regimes lead to severe financial 
crises due to the difficulty of maintaining the rates in the long run without adjusting 
for internal inflation. Financial crises occurred when overvalued currencies made it 
difficult for the governments to meet the demands to convert local currencies at the 
fixed rate and speculation plus panic depleted foreign reserves.  
Fixed exchange rates limit independent monetary policy, which is needed for 
capital to flow freely in the international economy. A country can fluctuate between 
the assurance and stability provided by a fixed exchange rate and the control over 
their interest rate policy under a floating exchange rate through a managed floating 
regime. With managed floating exchange (or exchange rate targeting) the central bank 
allows a currency to float within a given price range and manages the price by 
auctioning or purchasing dollars (Krugman 2000). 
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Developing countries use fixed exchange rates due to unsophisticated capital 
markets and weak regulating institutions (Krugman 2000). A floating exchange rate 
finds its own level according to the forces of supply and demand. The demand for 
dollars comes from foreigners investing in the United States from abroad and their 
demand for currency in dollars or from businesses that are purchasing U.S. exports.  
The dollar supply in the exchange market is the domestic sales of the dollar 
through purchase of foreign goods (imports) or from their foreign investments. The 
equilibrium rate is where the supply is equal to demand. International capital flows 
and monetary policy affect exchange rate movements. Exchange rate fluctuations 
create a link between domestic and foreign prices of a given international market and 
act as market equalizers within the systematic movements of the relative prices of 
goods (Orden 1999).  
3.1.1 The Economics of Exchange Rates  
Economic theory tells us that, depending on a county’s relative influence in 
the international market, they will react differently in regards to the fluctuations in 
exports, imports and GDP. The large and small country assumption says that if a 
country is large in international markets, then its imports or exports are an important 
share in the world market and its trade policies will affect world prices.  
On the other hand, a small country has very little share of the international 
market and their domestic policies are incapable of influencing world prices. 
Economic theory states that the small country assumption is parallel to the theory of 
perfect competition in a domestic goods market (Krugman 2000). Domestic firms and 
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consumers must take international prices as a given, because they are too small to 
affect prices.  
 The foreign import prices are an important component for the U.S. domestic 
market. Consider the case where the United States is a large importing country. An 
appreciation of the dollar will decrease the prices of imported goods and services and 
increase their demand in the U.S. domestic market, while M in the U.S. market 
increases (Refer to Figures 6 and 7). A dollar depreciation would have the opposite 
effect; a depreciation would cause an increase in the dollar denominated prices, a 
decrease in the exporter price, and a decrease in the demand for U.S. imports (M in 
the U.S. market decreases). 
 
 
FIGURE 6:  Exchange Rate Appreciation, the case of United States as large importer 
and a foreign exporter 
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FIGURE 7:  Exchange Rate Depreciation, the case of United States as large importer 
and a foreign exporter. 
 
 
FIGURE 8:  Exchange Rate Appreciation, the case of United States as large exporter 
and a Foreign Importer. 
 
Xo 
Mo 
P$ $
Q Q 
Q Q
Ps PPs 
US Market in Dollars World Market in Dollars
World Market in Ps
Dominican Market in Ps
SUS 
DUS ESDR 
ESDR 
X1 
M1 
Qo Q1 
Depreciation of US$ 
Decrease in Pesos 
(Ps) for every dollar. 
Xi=QS-QD 
Mi= QD-QS 
Qs* Qs QD* QD 
QD QD* Qs* Qs 
PC* 
PC 
P$ 
P$* 
SDR 
DDR 
EDUS 
Mo 
Xo 
P$ $
Q Q 
Q Q
Lps PLps 
US Market in Dollars World Market in Dollars
World Market in Lps
Honduran Market in Lps
SUS DUS 
EDHN 
EDHN 
M1 
X1 
ESUS 
Qo Q1 
Appreciation of US$ 
Increase in Lempiras 
(Lps) for every dollar. 
Xi=QS-QD 
Mi= QD-QS 
Qs* Qs QDQD 
QD 
QD Qs* Qs 
PL* 
PL 
P$ 
P$* 
 32
 
FIGURE 9:  Exchange Rate Depreciation, the case of United States as large exporter 
and a Foreign Importer. 
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other currencies) would lead to decreased U.S. agricultural exports, and U.S. real 
agricultural GDP.  
These relationships are further complicated by a country’s capital labor ratio 
and relative technology, which will shift supply and demand for each country 
depending on their relative elasticities. Changes in technology (increases in relative 
machinery or land for example) would cause shifts (increase in this case) in the 
quantity available for exports and domestic consumption. Any reductions in the 
available resources would have a negative effect on domestic supply and increase the 
demand for foreign imports. 
3.2 Theoretical Framework 
The dealings in the international money market (the supply and demand for 
the U.S. dollar, for example) are determined by the use of currencies as a store of 
value or payments. The foreign exchange market is said to be in equilibrium, when 
each currency offers the same rate of expected return on investment. This equilibrium 
is known as the Interest Rate Parity (IRP) condition, which results when the expected 
returns on the deposits of any two currencies are equal when measured in the same 
currency.  
For perfect capital mobility among international markets, the interest rate 
difference between two countries' currencies must equal the percentage difference 
between the forward and spot exchange rates. This occurs because any differential 
leads to arbitrage. In essence, if the United States interest rates were relatively low 
compared to those of other countries, then the U.S. dollar would appreciate. On the 
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other hand, if the U.S. interest rates were relatively high, then the dollar would 
depreciate, thus the exchange rate would constantly adjust to maintain equilibrium.  
Changes in the exchange rate affect the general economy. A change in the 
exchange rate changes the relative prices of imports and exports. The impact depends 
on how much the demand for imports and exports change, which in turn depends on 
the price elasticity of demand for imports and exports.  The balance of payments is a 
measure of the movements flowing into and out from one country to and from other 
countries, which are determined by the country's imports and exports and exchange 
rate.  
The 'Marshall-Lerner' condition states that when the sum of the price 
elasticities for imports and exports is greater than 1, then the balance of payments will 
improve. Theory suggests the condition holds in the long run, but not in the short run, 
because when the exchange rate depreciates, the balance of payments initially 
deteriorates, but in the long-run it moves to improve. This is known as the J-curve 
effect, which arises because of the time needed for the exchange rate changes to be 
factored by business contracts. 
Exchange rates exist to solve the problem of coordination among different 
currencies by allowing for comparison of the prices of goods across countries. Under 
the Law of One Price, economic forces are set in motion to ensure that the exchange 
rate reaches (over a period of time) an equilibrium setting for international prices 
equal across the board. Williamson (1983) defined a market equilibrium exchange 
rate as the exchange rate which balances the supply and demand of a currency in the 
absence of any official interventions. We could then show that countries operating 
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with free floating exchange (or close to free) rate regimes would always have 
exchange rates at or near their market equilibrium. Engel (2001) concluded in his 
work that floating exchange rates had an automatic stabilizing property, which 
reduced the volatility of monetary shocks (with a high degree of pass through of 
exchange rates to import prices). 
Previous works (Engel and Rose 2001) used gravity models to determine the 
factors determining bilateral trade, such as the distance between countries, income 
levels, and country size. Engel and Rose point out that while these are factors 
determining bilateral trade, there was a large common currency effect, where 
countries that shared a common currency traded 6.5 times more bilateral trade than 
other countries.  
Assumptions can be drawn that the benefits from using a single currency in 
terms of transactions cost savings, depend on the amount of trade between two 
regions, which are enhanced in members of international currency unions that would 
tend to have more trade, less volatile exchange rates, and more synchronized business 
cycles than countries with their own currencies (Engel and Rose 2001).  
Business cycles refer to the recurring patterns in business transactions. This is 
never more apparent than in agricultural sales, where firms tend to base their future 
production on past prices (especially in seasonal markets). Economic theory indicates 
that trade can be greatly influenced by previous years’ behavior, since reactions to 
trade evolve through time in response to current and previous information and can be 
used as a prediction of  later behavior.  
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3.2.1 Development of the Model 
Various economic theories have expressed the determinants of bilateral trade 
between countries, as a function of exchange rates, GDP, population, technology, 
shipping distances, production and government policy. Certain representations have 
been selected in the following determinants of bilateral agricultural trade.  
The theoretical framework discussed earlier was defined in terms of 
appreciations and depreciations of the exchange rate affecting excess supply and 
excess demand for the participating countries. The movements of these two factors 
can be explained by exports and imports (net trade), population and economic 
purchasing power (expressed as per capita GDP), and production. Economically, the 
relationship could be expressed as follows: 
Nt=  F(e , x, m, y, r)     (1) 
Where t represents a point in time and Nt, net trade (the trade balance) is 
defined as a function of exports (x), imports (m), the exchange rate (e), per capita 
GDP (y), and agricultural production (r). Production can be influence by a number of 
factors, so to embody changes in production the use of natural disasters interrupting 
production could be used, along with land use and capital investments. The 
relationship would be defined econometrically as: 
Nt = yr + et + yt  + dh +at +tt + εt                 (2) 
In equation 2, Nt (the trade balance) is dependent on time (yr) , the exchange 
rate (et), per capita GDP, interruptions in production (i.e. a hurricane dummy, dh), 
total arable land and permanent crops (at), capital (tt, representing by tractor use), and 
an error term, εt. The year variable (yr) is included because over time, as economies 
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grow, we would expect the amount of trade between countries to increase. Since 
aggregating net trade would blind the study to the individual effects of exchange rates 
to the exports and imports in bilateral trade, the model was split into separate 
movements of imports and exports as follows: 
xt = yr + ec + yc  + dh +tt + εt     (3) 
mt= yr +  ec + yc  + dh +at + εt     (4) 
where xt represents U.S. exports of agriculture products to each country and mt 
defines U.S. agricultural imports from each country. The production variables were 
divided into each model, to account for the effects of total land use on a foreign 
country’s imports and tractor use on that same country’s exports to the United States. 
Arable land was considered more of a determinant for the foreign countries tendency 
to import U.S. agricultural goods. The tractor ratio was used in the foreign exports 
side (U.S. imports) since the U.S. has a capital advantage over most of these 
countries. The exact definitions of the variables are defined in Table 4.  
The models would also benefit from the inclusion of previous trade values, 
since in the short run relationships are not always in equilibrium due to inability of 
economic agents to instantly adjust to new information. The addition of lagged values 
of the dependent variable (for agriculture exports and imports) would simplify the 
dynamic model by reducing the existence of high correlation of the explanatory 
variables (Harris 1995). 
3.3 Data Description and Analysis 
To evaluate the impacts of the value of the U.S. dollar against each of the 
Dominican Republic and Central American currencies (and Dominican Republic) on  
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TABLE 4: Definition of Model Variables  
Term Variable Source Units Description 
x U. S. Exports USITC Millions of U.S. Dollars  (2000 Agricultural PPI) FAS value  U.S. Exports to Foreign Countries 
m U. S. Imports USITC Millions of U.S. Dollars  (2000 Agricultural PPI) 
General Import Value of Foreign Goods to the 
United States 
e Exchange Rate IFS/IMF Millions of U.S. Dollars  (2000 Agricultural PPI) Foreign countries exchange rate in dollar terms 
y Per Capita GDP UN Statistics Millions of U.S. Dollars (1984 U.S. BLS CPI Index) Corresponding countries Per Capita GDP 
h Hurricanes NOAA Binary Dummy for Hurricanes affecting foreign country 
p Lag  Millions of U.S. Dollars  (2000 Agricultural PPI) Lag of the models dependant variable 
a Arable Land FAO Millions of Hectares Total Arable & Permanent Crops per Foreign Country 
t Tractor Ratio FAO tractors in use per 1000 arable hectares 
Ratio of tractors usage in a country compared to 
usage in the United States 
 
 39
TABLE 5: Simple Statistics for Variables Included in the Models 
Variable Mean 
Standard 
Deviation Range  Mean 
Standard 
Deviation Range 
 Costa Rica  Guatemala 
U. S. Exports 193.594495 105.047575 354.107162  290.599737 185.947329 672.822413
U. S. Imports 21.579477 77.372778 418.525682  22.548534 84.188734 456.357435
Exchange Rate 0.044367 0.065486 0.180802  0.584767 0.504868 1.214083
Per Capita GDP 0.002145 0.000487 0.001791  0.001055 0.000218 0.000736
Arable Land 0.512759 0.010405 0.034000  1.829586 0.105833 0.412000
Tractor Ratio 0.996188 0.181009 0.526777  0.122854 0.007019 0.027139
 Dominican Republic  Honduras 
U. S. Exports 384.564762 246.124897 783.297923  162.118912 118.170846 428.719650
U. S. Imports 18.431157 76.986901 416.106178  13.736207 51.790816 279.865269
Exchange Rate 0.298476 0.319135 0.807082  0.327852 0.239594 0.602366
Per Capita GDP 0.001386 0.000359 0.001211  0.000507 0.000039 0.000163
Arable Land 1.471759 0.090170 0.341000  1.760483 0.159366 0.588000
Tractor Ratio 0.079687 0.008777 0.029826  0.118175 0.031819 0.110382
 El Salvador  Nicaragua 
U. S. Exports 174.339388 100.087908 313.005156  56.821893 40.604723 108.141383
U. S. Imports 10.057296 43.609019 235.884186  5.824784 24.375117 132.496430
Exchange Rate 0.204499 0.105230 0.285997  0.104395 0.072724 0.286794
Per Capita GDP 0.001013 0.000164 0.000473  0.000734 0.000308 0.001034
Arable Land 0.803759 0.065623 0.220000  1.589931 0.336891 0.931000
Tractor Ratio 0.237973 0.026235 0.098000  0.069601 0.013158 0.047719
        
 United States Per Capita GDP  0.017184 0.002020 0.006789
        
Sources: Based on data from U.N. Statistics, IMF/IFS, BLS, FAO, USITC 
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U.S. trade flows, five variables are selected for each of the 7 countries and tested for 
their relevance to bilateral trade. The variables considered in this study are the foreign 
exchange rate, U.S. exports to the foreign country, foreign imports to the United 
States and each country’s per capita national income.  
Additional technology proxy variables have been included for each equation 
in regards to technology; the first is the total arable land and permanent crops and a 
ratio of tractors per hectare. It is hypothesized that there are dynamic interactions 
among the variables. All of the data span from 1976 through 2004, resulting in 29 
annual observations for each variable. A variables description and simple statistics 
used for the model are presented in Tables 4 and 5.  
The majority of the previous discussion was based on the assumption of the 
use of real exchange rates versus nominal exchange rates. Macroeconomic analysis 
calculates the real exchange rate as the nominal exchange rate multiplied by the ratio 
of foreign to domestic price level. Real exchange rate movements are expressed by 
indices, where a fall in the foreign to domestic price ratio would indicate faster 
domestic price growth rate relative to foreign prices and an appreciation of real 
exchange rate (Ellis 2001).  
The price index used depends on the aim of the real exchange rate analysis; in 
this case the relative producer price index is used to find the real exchange rate 
suitable for analyzing of goods exported by an economy. For the purposes of this 
paper, the nominal exchange rate (et) was obtained from the International Financial 
Statistics (IFS) of the International Monetary Fund and Financial Statistics of the 
Federal Reserve Board by way of Economic Research Service (ERS). The exception 
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was the Nicaraguan exchange rate for the years 1976 through 1990, which was 
acquired from historical records from the Nicaraguan National Bank archive.  
The real exchange rate (expressed in dollars per each currency) was calculated 
by deflating each exchange rate by the ratio of the agricultural Producer Price Index 
(PPI) for the United States divided by the agricultural PPI of the corresponding 
country. The PPI for each country was obtained from the Food and Agricultural 
Organization of the United Nations Statistical Databases. 
Bilateral agricultural trade flow was defined in terms of the U.S. free 
alongside ship (FAS) value of agricultural exports (xt) to each country and general 
value of agricultural imports from those same countries (the countries exports to the 
United States) (mt) in U.S. dollar terms. The information was obtained from the 
United States International Trade Commission. The trade data are limited to 
agricultural products (SITC Non-Manufactured goods chapters 0,1,2,3 and 4) because 
adding the chapters for manufactured goods would lead to a much smaller share of 
agricultural imports and exports in the larger picture. The values were deflated to real 
prices by using the countries’ corresponding agricultural PPI as reported by the 
F.A.O. 
Real per capita GDP was obtained by collecting each country’s nominal per 
capita GDP as reported by the United Nations Statistics Division in yearly terms. The 
income variable was deflated using the 1982-1984 CPI provided by the United States 
Bureau of Labor Statistics. Two proxy variables for production and technology were 
implemented in the different models.  
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The land variable is the total arable land and permanent crops in 1000 hectares 
as reported by the Foreign Agricultural Organization (FAO) for each country to trace 
the effects of foreign agricultural production on U.S. agricultural imports to these 
counties. A second proxy was gathered as a technology effect on U.S. agricultural 
imports. The total tractors in use per country were divided by the total arable land of 
that country (as reported by the FAO) and then compared to the same ratio in the 
United States, providing a per country comparison of tractor use per 1000 hectares. 
A dummy variable was employed in the equations representing hurricanes 
(category 2 or higher) that would have caused disruptions in trade flow for the region. 
These disasters impacted the region on a social, ecological, economic and political 
scale, highlighting the vulnerability of the tropical region. The temporary lack of 
productivity and structural damages has a negative impact on production and exports, 
economic growth, employment and revenues, especially in the agricultural sector of 
the region (USAID).  
The dummies were inserted for the year of the hurricane and the year after, 
due to seasonality of some crops extending over into the next years exports, for each 
country (Refer to Appendix A). The expected signs for each variable in the two 
models are expressed in Table 6. 
TABLE 6: Expected Coefficients Signs 
Model Expected Signs  
 
Year Exchange Rate 
US Per 
Capita GDP Hurricanes Arable Land 
U.S. Imports 
from DR-CAFTA + - + - + 
 Year Exchange Rate 
Per Capita 
GDP Hurricanes Tractor Ratio 
U.S. Exports to 
DR-CAFTA + + + + - 
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3.3.1 Model Specification 
In this study, each country attempts to maximize their utility and export the 
maximum amount into the market. This means that if one country decreases its 
exports to the U.S., it will result in an increase in exports to the United States from 
another country and vice versa. It is assumed the bilateral trade flows between the 
U.S. and selected countries are jointly determined, indicating some dependence mong 
the countries trade interactions.  
Econometrically, this would lead to the assumption that the error term of each 
individual equation is correlated with the error terms from other equations, implying 
that for each equation the expected value of the error term will be different from zero. 
The instance of non-zero expected values for the error terms violates a classic 
assumption of the OLS, since we expect there to be some relationship between the 
dependant variable and its explanatory estimates. There are different statistical 
methods to correct for this problem. One approach used to examine dynamic 
interactions among various equations is the Seemingly Unrelated Regression model 
(Zellner 1962).  
Seemingly Unrelated Regression (SUR) proposes that there may be two or 
more equations which appear to be unrelated. However, they may be related under 
certain circumstances. The equations are said to be related when some of their 
coefficients are the same, their disturbances are correlated across equations and a 
subset of independent variables are the same. Although all observations are not the 
same, individual estimates would not exhibit minimum variance and their t-statistics 
would be unreliable.  
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In a regional trade area, common factors could exist that influence all the 
equations at the same time and induce a correlation between the equations’ error 
terms. Thus, the SUR procedure is a fitting method for estimating a system of 
equations simultaneously when the equations are related through the errors’ 
correlation. The SUR method of estimation transforms the equations error terms so 
that they have the same variance and are uncorrelated.  
This paper uses ordinary least squares regression (OLS) under the SUR 
method to study the relationship between the exchange rate and bilateral agricultural 
trade between the United States and selected developing countries in Central America 
and the Dominican Republic. The group of country equations are not related because 
they interact directly with each other, but because there are outside factors (reflected 
in the error terms) which are assumed to be related.  By using the SUR method there 
should be a gain in overall efficiency in the OLS estimates, by increases in the 
correlation between equation errors and decreases in the correlation between 
estimators.  
3.4 Test Results  
Each of the models were run independently and several tests, including Box-
Cox transformations and Ramsey misspecification tests were employed to choose the 
most appropriate model form. In the end, all the variables were converted to log form 
for best results. The attractive feature of the using the double log model is that the 
slope coefficients can easily be interpreted as elasticities, since they are always 
constant at the means.  
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The models were initially run under OLS and very few of the estimates were 
found to be significant. There was an autocorrelation problem and many of the R-
squared values were high, indicating spurious results. These results were ignored 
however, since it was assumed that under the SUR method the issues would be either 
resolved or greatly improved.  
A Breusch-Pagan covariance test was run for contemporaneous correlation on 
the 12 OLS equations to ensure the use of a SUR model was merited. The existence 
of contemporaneous correlation was confirmed with a chi-squared value of 259.99 
(well over the critical value of ≈ 79.0819, with 66 degrees of freedom) and was 
statistically significant at an alpha value of 1%.  
This test confirmed the benefits of using the SUR method to improve the 
efficiency among the parameter estimates. Once the SUR method was performed, the 
autocorrelation was vastly improved. Although the R-squared values fell, the 
significance of the individual estimators increased.   
For the most part, the Durbin-Watson statistic for the SUR estimations and 
Godfrey’s Serial Correlation test showed the observations are not correlated with 
errors of any other equations observations, and did not indicate difficulties with 
autocorrelation collinearity for the system of equations. One minor exception 
involved exports to Nicaragua and imports from Costa Rica (Refer to Appendix B for 
the test statistics).  
The heteroscedasticity tests failed to reject the null hypothesis that the 
variance estimators were homogenous through the White test statistics. Another 
Breusch-Pagan test was run for heteroscedasticity and this test showed that the chi-
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squared statistic failed to reject that dependent variables were heteroskedastic as a 
function of their regressors for all but 3 equations. 
Three normality tests were run on the overall system of equations, with the 
null hypothesis that the residuals were normally distributed. The Mardia kurtosis test 
and the Henze-Zirkler t-test (assessing multivariate normality) showed that the system 
had a normal distribution when it failed to reject normality. The Mardia skewness test 
rejected normality, instigating further tests to be run for normal distributions among 
the individual equations, which proved minimal rejections of normality.  
The Shapiro-Wilk W failed to reject the null hypothesis of test of a normal 
distribution, since only one of the parameters was significant (imports from 
Guatemala). Statistitians agree that this is the most dependable test for non-normality 
for small to medium sized samples (StatsDirect 2006). 
3.4.1 U.S. Agricultural Exports to DR-CAFTA  
TABLE 7: Nonlinear SUR Summary of Residual Errors for US Agricultural Exports 
Equation 
DF 
Model 
DF 
Error
SSE MSE Root MSE 
R 
Square 
Adj     
R-Sq 
Durbin 
Watson
         
Costa Rica 7 21 0.6308 0.03 0.1733 0.9358 0.9174 2.0207 
Dominican  7 21 0.4268 0.0203 0.1426 0.9623 0.9515 1.8374 
El Salvador 7 21 0.3917 0.0187 0.1366 0.9648 0.9547 1.2634 
Guatemala 7 21 0.8193 0.039 0.1975 0.9402 0.9231 1.6093 
Honduras 7 21 0.8489 0.0404 0.2011 0.9411 0.9242 1.9993 
Nicaragua 7 21 237.3 11.2989 3.3614 0.3884 0.2137 1.9238 
                  
 
The parameter estimation of the export side of the trade equation for U.S. 
bilateral trade for each of the countries comprising the DR-CAFTA are shown in 
Tables 7 and 8. In general, the adjusted R-squared values are high accounting for over 
90% of the variation in U.S. exports to each country, with the exception of Nicaragua 
with a  21% adjusted R-square.  
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TABLE 8: Nonlinear SUR Parameter Estimates for U.S. Agricultural Exports to DR-
CAFTA 
  Intercept Year Exchange Rate 
Per Capita 
GDP Hurricanes 
Lagged 
Exports 
Tractor 
Ratio 
        
U.S. Exports to Costa Rica (In US$ Millions) 
Lxc C1 yr lec lyc hc pxc tc 
Estimate -86.1834 0.043932 0.110963 0.015258 -0.00908 -0.00992 -1.86885 
Std Error 20.7411 0.00974 0.0351 0.4547 0.0264 0.0153 0.6192 
t value -4.16 4.51 3.16 0.03 -0.34 -0.65 -3.02 
Pr > |t| 0.0004 0.0002 0.0047 0.9735 0.7349 0.5242 0.0065 
        
U.S. Exports to Dominican Republic (In US$ Millions) 
lxd D1 yr led lyd hd pxd td 
Estimate -180.124 0.091708 0.336279 -0.37205 0.099247 0.032226 -5.08062 
Std Error 57.4606 0.0273 0.0614 1.1769 0.0557 0.0331 2.2445 
t value -3.13 3.37 5.47 -0.32 1.78 0.97 -2.26 
Pr > |t| 0.005 0.0029 <.0001 0.755 0.0894 0.3419 0.0343 
        
U.S. Exports to El Salvador (In US$ Millions) 
lxs S1 yr les lys hs pxs ts 
Estimate -91.0528 0.041255 0.353526 -2.3581 0.08183 0.083213 -2.23876 
Std Error 61.9682 0.0281 0.1764 1.6601 0.0912 0.0529 1.1637 
t value -1.47 1.47 2 -1.42 0.9 1.57 -1.92 
Pr > |t| 0.1566 0.1566 0.0582 0.1702 0.38 0.1309 0.068 
        
U.S. Exports to Guatemala (In US$ Millions) 
lxg G1 yr leg lyg hg pxg tg 
Estimate 104.591 -0.04973 -0.25202 1.61437 -0.12022 0.013795 4.342172 
Std Error 50.9294 0.0247 0.1068 1.021 0.0495 0.0327 1.6446 
t value 2.05 -2.01 -2.36 1.58 -2.43 0.42 2.64 
Pr > |t| 0.0527 0.0571 0.0281 0.1288 0.0242 0.6772 0.0153 
        
U.S. Exports to Honduras (In US$ Millions) 
lxh H1 yr leh lyh hh pxh th 
Estimate 54.22258 -0.02458 -0.08769 0.930758 -0.03766 -0.10016 -0.12186 
Std Error 24.7981 0.0114 0.0525 0.6013 0.031 0.0211 0.1592 
t value 2.19 -2.15 -1.67 1.55 -1.21 -4.74 -0.77 
Pr > |t| 0.0402 0.0434 0.1095 0.1366 0.2381 0.0001 0.4524 
        
U.S. Exports to Nicaragua (In US$ Millions) 
lxn N1 yr len lyn hn pxn tn 
Estimate 478.2551 -0.24979 1.544271 -3.82806 -0.70805 -0.82181 15.88957 
Std Error 512.1 0.2389 0.2699 14.021 0.8332 0.2275 7.5763 
t value 0.93 -1.05 5.72 -0.27 -0.85 -3.61 2.1 
Pr > |t| 0.361 0.3077 <.0001 0.7875 0.4051 0.0016 0.0483 
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For the most part, the estimated parameters in each equation displayed signs 
consistent with expectations and displayed some statistically significant parameters, 
when observing that one variable and considering other estimates steady.  
The numbers of significant explanatory variables varied among countries and 
are reported under the 5% and 10% significance levels. In the following sections, 
individual equations will also be presented with the t-values in parentheses (p-values 
of les than of 0.05 and exceeding a t-value of 2.06). 
Costa Rica 
The model estimation for U.S. agricultural exports to Costa Rica is as follows: 
lxc = -86.183 +0.044yr +0.111lec +0.0153lyc -0.009hc -0.010pmc -1.869tc 
      (-4.16)   (4.51)   (3.16)         (0.03)   (-0.34)   (-0.65)        (-3.02) 
This models’ goodness of fit is high, explaining 93.58% of the U.S. 
agricultural exports to Costa Rica during the years 1976 to 2004. All the signs except 
one correspond to accepted economic theory, where incidence of hurricanes in Costa 
Rica should have a positive slope with regard to imports from the United States and 
instead there is a negative relationship. The positive relationships include year and 
per capita GDP while U.S. agricultural exports to Costa Rica have a negative 
relationship with the real exchange rate and the ratio of tractors per arable hectares of 
land. 
 The positive relationship with the real exchange rate makes sense with an 
increase in imports over the data observed, with everything being held constant. The 
most significant values observed (when comparing p-values of α=0.05 and exceeding 
a t-value of 2.06) are years (0.0002, 4.51), the real exchange rate (0.0047, 3.16), and 
the dummy tractor proxy variable (0.006, -3.02).  
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TABLE 9: Independent variable effects on U.S. Agricultural Exports to Costa Rica 
 Elasticities Marginal Effects 
Exchange Rate 0.11 484.19
Per Capita GDP 0.02 1377.29
Lagged Exports -0.01
Tractor Ratio -1.87 -363.18
 
The elasticities and marginal effects of each independent variable with regards 
to U.S. exports to Costa Rica are shown in Table 9. The use of a double log model 
allows for the interpretation of the individual coefficients of the variable as 
representative of that variable’s export elasticity. The elasticities were not calculated 
for all estimates, and were limited to real exchange rates, Per Capita GDP, the effect 
of lagged agriculture exports and the traction per hectare ratio.  
The most notable estimates were those for real exchange rates, which 
influenced U.S. exports of agricultural products to Costa Rica by 0.11% for every 1% 
change in the exchange rate and the influence of a 1% increase in the tractor ratio 
reducing Costa Rican agricultural imports of U.S. products by 1.87%., with other 
variables being held constant.  
With regards to the marginal effects (calculated by multiplying the same 
intercept coefficients by the means of the dependant variable divided by the mean 
amount of each independent variable) and holding all else constant, the estimates 
expressed the amount needed to change U.S. exports by one million dollars. The 
marginal effects of exchange rates on U.S. exports to Costa Rica are that an increase 
of the exchange rate between Costa Rica and the United States by one dollar will 
increase U.S. exports by 484 million dollars. 
 
 
 50
Dominican Republic 
The model estimation for U.S. agricultural exports to the Dominican Republic 
is expressed as: 
lxd = -180.124 +0.0917yr +0.336led -0.372lyd +0.099hd +0.0326pxd -5.080td 
      (-3.13)   (3.37)   (3.16)         (0.03)   (-0.34)   (-0.65)        (-3.02) 
The adjusted R-squared showed that the model explained 95.15% of the 
variation of U.S. agricultural exports to the Dominican Republic for the observed 
time period. The estimate for per capita GDP did not express the relationship 
expected by economic theory (but was not significant at even a 10% alpha level), 
while the other coefficients expressed the expected relationships.  
The sign for the hurricane dummy was as expected, with an increase in 
agricultural imports from the United States after a disruption in domestic production, 
with everything else remaining constant. The positive coefficient with time is as 
expected since economic theory states that trade will increase between countries as 
they grow and  tradability increases over time. The most significant values observed 
(when comparing p-values of α=0.05 and exceeding a t-value of 2.06) are years 
(0.0003, 3.37), the real exchange rate (<0.0001, 5.47), and the tractor proxy variable 
(0.034, -2.26).  
The elasticities with respect to U.S. agricultural exports and marginal effects 
of each independent variable are shown in Table 10. The most notable estimate was 
that of the tractor use per arable hectares ratio, which influenced U.S. exports to the 
Dominican island by 5.08% for every 1% change in the ratio.  
The marginal effects indicate that a one dollar increase in the real exchange 
rates would increase U.S. agricultural exports by 433 million dollars per year. The 
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more interesting marginal effect was that of per capita GDP, which would need to 
increase by one million dollars to achieve a fall of 103 billion dollars in imports from 
the United States, with everything else remaining constant. 
 
TABLE 10: Independent variable effects on U.S. Agricultural Exports to Dominican 
Republic 
  Elasticities Marginal Effects 
Exchange Rate 0.34 433.27
Per Capita GDP -0.37 -103252.74
Lagged Exports 0.03
Tractor Ratio -5.08 -24518.74
 
El Salvador 
The model expressing movements of U.S. agricultural exports to El Salvador 
(in millions of U.S. dollars) is as follows: 
lxs= -91.052 +0.041yr -0.3546les -2.358lys +0.082hs +0.083pxs -2.239ts 
      (-1.47)     (1.47)   (2.00)        (-1.42)    (-0.90)        (1.57)      (-1.92) 
This model’s goodness of fits was 96.48%, although there were no significant 
values of α=0.05. There was an unexpected coefficient sign for per capita GDP, but 
this was not statistically significant. There were two coefficients near the 5% alpha 
level that made the 10% significance level, which were the real exchange rates 
(0.059, 2.0) and the tractor use ratio (0.068, -1.92). There was a possibility of 
autocorrelation among the estimates, given that the Durbin Watson test resulted in a 
statistic of 1.26, expressing a possible positive correlation. The problem was further 
confirmed by Godfrey’s Serial correlation test (with a p-value of 0.011). 
The marginal effects and elasticities with regards to U.S. agricultural exports 
to El Salvador are found in table 11. The strongest elasticity relationships were those 
for per capita GDP and the tractor ratio, where a 1% increase in the independent 
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variable resulted in a fall of U.S. exports by 2.36% and 2.24%, respectively 
everything held constant.  
TABLE 11: Independent variable effects on U.S. Agricultural Exports to El Salvador 
  Elasticities Marginal Effects 
Exchange Rate 0.35 301.39
Per Capita GDP -2.36 -405833.87
Lagged Exports 0.08
Tractor Ratio -2.24 -1640.12
 
Guatemala 
U.S. agricultural exports to Guatemala can be expressed by the following 
equation: 
lxg= 104.591 +0.050yr -0.252leg +1.614lyg +-0.120hg +0.0138pxg +4.342tg 
      (2.05)    (2.01)     (-2.36)       (1.58)       (-2.34)      (0.42)          (2.64) 
A 92.31% adjusted R-squared expressed a very good goodness of fit for this 
model. Despite that, the relationships expressed by the estimates were not those 
expected by economic theory. Though statistically significant, the real exchange rate 
(0.028, -2.36), the hurricane dummy (0.024, -2.43), and the tractor technology proxy 
(0.015, 2.64) were all expressing the opposite expected relationship.  
There is a possibility of positive autocorrelation (suggested by Durbin Watson 
and slightly confirmed by a Godfrey’s test at a 10% significance level) which might 
explain the spurious results.  
 
TABLE 12: Independent variable effects on U.S. Agricultural Exports to Guatemala 
  Elasticities Marginal Effects
Exchange Rate -0.25 -125.24
Per Capita GDP 1.61 444678.20
Lagged Exports 0.01
Tractor Ratio 4.34 10270.97
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The elasticities and marginal effects of each independent variable for U.S. 
agricultural exports to Guatemala are shown in table 12. The strongest elasticity 
estimate was that of the technology proxy, which influenced U.S. exports to the 
Dominican island by 4.34% by every 1% change in the exchange rate, others 
remaining constant.  
Honduras 
The estimation of U.S. agricultural exports to Honduras is expressed as 
follows:  
lxh= 54.223 -0.0246yr -0.0877leh +0.9318lyh -0.038hh -0.100pxh -0.122th 
      (2.19)  (-2.15)       (-1.67)        (1.55)   (-1.21)   (-4.74)        (-0.77) 
 This models goodness of fit is very high, explaining 94.11% of the U.S. 
exports of agricultural products to Honduras during the years 1976 to 2004. Two of 
the signs did not fall into commonly accepted economic theory, where the time trend 
had a negative relationship with U.S. exports with statistic significance at a 5% level 
(0.043, 2.15) and the negative relationship with exchange rates (which were not 
significant within the model).  
 The only other significant estimate in the model was that of previous 
agricultural exports. This is a lag of the dependant variable used to eliminate any 
correlation in the model, but believed to have some influence on current trade. It had 
a negative relationship with U.S. exports (0.0001, -4.74). 
The elasticities and marginal effects for Honduras are shown in Table 13. The 
highest elasticity is that of per capita GDP, which had almost a one to one 
relationship with U.S. exports, where a 1% increase of Per capita GDP led to a 0.93% 
increase in U.S. exports, everything else held constant.  
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The most significant estimate in the model showed an elasticity relationship of 
a 0.1% fall in U.S. exports for every 1% increase in previous exports. There was a 
negative marginal effect with regards to exchange rates (contrary to theory), where an 
increase in the real exchange rate (a depreciation of the U.S. dollar) would lead to a 
fall in U.S. agricultural exports of 43 million dollars.  
TABLE 13: Independent variable effects on U.S. Agricultural Exports to Honduras 
  Elasticities Marginal Effects 
Exchange Rate -0.09 -43.36
Per Capita GDP 0.93 297569.79
Lagged Exports -0.10
Tractor Ratio -0.12 -167.17
 
Nicaragua 
The model estimation for U.S. agricultural exports to Nicaragua is as follows: 
lxn= 478.255 -0.250yr +1.544len -3.828lyn -0.708hn -0.822pxn +15.890tn 
     (0.93)    (1.05)       (5.72)      (-0.27)     (-0.85)     (-3.61)        (2.10) 
This model showed the lowest goodness of fit for all export models at 38.84% 
(an adjusted R-square of 21.37%). The estimates for year, per capita GDP, hurricanes 
and tractor ratio have signs inconsistent with economic theory, with only the tractor 
ratio exhibiting any significance.  
The sign for the real exchange rate was as expected (with values at <0.0001, 
5.72), since theory suggests that an increase of U.S. exports of agricultural products 
to Nicaragua would result from an increase in the value of the Cordoba, everything 
else remaining constant. The negative coefficient with previous agriculture exports 
was also significant (0.002, -3.61) but did not concur with expected theory.  
Table 14 shows the estimated elasticities and marginal effects with regards to 
U.S. agricultural exports to Nicaragua.  The relationship with regards to per capita 
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GDP was large, with a 1% increase leading to a 14% increase in U.S. exports. An 
increase of 1% in the ratio of tractors in use per hectare as compared to the United 
States would lead to an increase of 7.58% in exports.  The marginal effects were also 
large, with a one dollar increase in the exchange rate depreciation of the dollar 
leading to an increase of 146 million dollars in U.S. agricultural exports. 
TABLE 14: Independent variable effects on U.S. Exports to Nicaragua 
  Elasticities Marginal Effects 
Exchange Rate 0.27 146.91
Per Capita GDP 14.02 1084923.89
Lagged Exports 0.23
Tractor Ratio 7.58 6185.30
 
3.4.2 U.S. Agricultural Imports from DR-CAFTA  
The estimation of parameters for the import side of the trade equation for U.S. 
bilateral agricultural trade within the DR-CAFTA are shown in Tables 15 and 16. The 
import side of the model proved to be less consistent with theory than the export side. 
However, it must be remembered that the contrast between the export and import side 
compares exports of less developed countries to that of a large country with influence 
on the world market.  
The adjusted R-squared values vary over a wide range and average around 
60%. The lowest adjusted R-square was that of Honduras with the model explaining 
only 12% of the variation in U.S. exports. For the most part, the estimated parameters 
in each equation displayed signs within expectations and displayed some statistically 
significant parameters.  
Some countries had more significantly explanatory variables than others, and 
were reported at the 5%  and 10% levels of statistical significance.  There was some 
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indication of autocorrelation interfering with the parameter models in the cases of 
imports from Costa Rica (2.71) and the Dominican Republic (1.52). In the following 
sections, individual equations will also be presented with the t-values in parentheses. 
 
TABLE 15: Nonlinear SUR Summary of Residual Errors for US Agricultural 
Imports 
Equation DF Model 
DF 
Error SSE MSE 
Root 
MSE 
R-
Square 
Adj      
R-Sq 
Durbin 
Watson 
         
Costa Rica 7 21 0.1012 0.00482 0.0694 0.9116 0.8863 2.7149 
Dominican  7 21 0.6184 0.0294 0.1716 0.6493 0.5491 1.5254 
El Salvador 7 21 1.399 0.0666 0.2581 0.6224 0.5145 1.9709 
Guatemala 7 21 0.4771 0.0227 0.1507 0.736 0.6606 1.8289 
Honduras 7 21 0.2149 0.0102 0.1012 0.318 0.1231 2.3416 
Nicaragua 7 21 116.4 5.5429 2.3543 0.539 0.4073 1.767 
 
 
Costa Rica 
The model estimation for U.S. agricultural imports from Costa Rica is as 
follows: 
lmc= -122.975 +0.063yr +0.245lec -0.060lyu +0.208hc +0.654pmc +0.037ac 
      (-2.06)     (2.11)   (1.31)       (-0.24)       (2.59)      (4.55)          (0.06) 
This model’s goodness of fit is very high, explaining 88.63% of the variation 
of U.S. imports from Costa Rica during the years 1976 to 2004. Three of the signs 
correspond to accepted economic theory, where incidence of hurricanes in Costa and 
exchange rates had positive signs. U.S. Per capita GDP had a positive relationship in 
regards to agricultural imports from Costa Rica. The unexpected sign for the real 
exchange rate proved not to be statistically significant even at the 10% level. The 
most significant values observed (when comparing p-values of 0.05 and exceeding a 
t-value of 2.06) are the real exchange rate (0.047, 2.11), the hurricane estimate (0.017, 
2.59) and previous U.S. imports (0.0002, 4.55). 
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TABLE 16: Nonlinear SUR Parameter Estimates for U.S. Agricultural Imports from 
DR-CAFTA  
  Intercept Year Exchange Rate 
US Per 
Capita 
GDP 
Hurricanes Lagged Imports 
Total 
Arable 
Land 
        
U.S. Imports from Costa Rica (In US$ Millions) 
Lmc c1 yr lec lyu hc Pmc ac 
Estimate -122.975 0.063015 0.244758 -0.06035 0.208297 0.653601 0.036842 
Std Error 59.6903 0.0299 0.1868 0.254 0.0804 0.1435 0.5921 
t value -2.06 2.11 1.31 -0.24 2.59 4.55 0.06 
Pr > |t| 0.052 0.0471 0.2042 0.8145 0.0171 0.0002 0.951 
        
U.S. Imports from Dominican Republic (In US$ Millions) 
Lmd d1 yr led lyu hd Pmd ad 
Estimate -65.5651 0.035213 -0.04033 0.172677 0.139652 0.454646 0.127815 
Std Error 37.4715 0.0193 0.1053 0.1442 0.0478 0.15 0.3573 
t value -1.75 1.82 -0.38 1.2 2.92 3.03 0.36 
Pr > |t| 0.0948 0.0824 0.7055 0.2445 0.0082 0.0063 0.7241 
        
U.S. Imports from El Salvador (In US$ Millions) 
Lms s1 yr les lyu hs Pms as 
Estimate -228.808 0.121984 -0.18 0.443123 -0.01402 -0.46856 2.728658 
Std Error 30.3761 0.0159 0.0998 0.1762 0.0508 0.1666 0.3691 
t value -7.53 7.69 -1.8 2.52 -0.28 -2.81 7.39 
Pr > |t| <.0001 <.0001 0.0858 0.0201 0.7851 0.0104 <.0001 
        
U.S. Imports from Guatemala (In US$ Millions) 
Lmg g1 yr leg lyu hg Pmg ag 
Estimate -92.5082 0.048772 -0.0905 -0.0796 -0.10332 0.302506 0.631977 
Std Error 32.7031 0.017 0.1658 0.2757 0.0713 0.1912 0.9079 
t value -2.83 2.87 -0.55 -0.29 -1.45 1.58 0.7 
Pr > |t| 0.0101 0.0091 0.5909 0.7757 0.1622 0.1286 0.494 
        
U.S. Imports from Honduras (In US$ Millions) 
Lmh h1 yr leh lyu hh Pmh ah 
Estimate -102.387 0.053374 -0.12381 0.171661 -0.06099 0.324754 -0.27868 
Std Error 63.536 0.032 0.1405 0.4644 0.072 0.175 0.5312 
t value -1.61 1.67 -0.88 0.37 -0.85 1.86 -0.52 
Pr > |t| 0.122 0.1101 0.3883 0.7154 0.4064 0.0776 0.6053 
        
U.S. Imports from Nicaragua (In US$ Millions) 
lmn n1 yr len lyu hn Pmn an 
Estimate 434.7808 -0.24649 0.008579 -7.08802 0.452875 0.338233 -2.15098 
Std Error 354.6 0.1932 0.1997 3.874 1.3094 0.1434 3.7836 
t value 1.23 -1.28 0.04 -1.83 0.35 2.36 -0.57 
Pr > |t| 0.2338 0.216 0.9661 0.0815 0.7329 0.0281 0.5757 
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TABLE 17: Independent variable effects on U.S. Agricultural Imports from Costa 
Rica 
  Elasticities Marginal Effects 
Exchange Rate 0.24 119.05
US Per Capita GDP -0.06 -75.79
Lagged Imports 0.65
Arable Land 0.04 1.55
 
The elasticities and marginal effects of each independent variable with regards 
to U.S. imports of agricultural products from Costa Rica are shown in Table 17. The 
elasticities were not calculated for all estimates, and were limited to real exchange 
rates, U.S. Per capita GDP, the effect of lagged imports and total arable land and 
permanent crops in each country with regards to U.S. imports.  
The most notable estimates were those for real exchange rates, which 
influenced U.S. imports from Costa Rica by 0.24% for every 1% change in the 
exchange rate and the influence of a 1% increase in previous imports increasing Costa 
Rican imports in the U.S. by 0.65%, with other variables being held constant.  
The marginal effects of the estimates on imports from Costa Rica (holding 
everything else constant) expressed the amount needed to change U.S. agricultural 
imports by one million dollars. The marginal effects of total arable land on Costa 
Rican exports to the United States showed that with an increase in use of total arable 
land by 1000 acres would yield an increase of 1.5 million dollars in exports.  
Dominican Republic 
The model estimation for U.S. agricultural imports from the Dominican 
Republic was expressed as: 
lmd= -65.565 +0.035yr -0.040led +0.173lyu +0.140hd +0.455pmd +0.128ad 
      (-1.75)   (1.82)    (-0.38)    (1.20)          (2.92)         (3.03)          (0.36) 
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The adjusted R-squared showed that the model explained 54.91% of the 
variation of U.S. imports from the Dominican Republic for the observed time period. 
The estimate for hurricane incidences did not exhibit the relationship expected by 
economic theory while the other coefficients had the predicted relationships (but not 
at acceptable levels of significance). The most significant values observed are 
hurricane incidences (0.0082, 2.92) and the previous Dominican exports to the United 
States (0.0063, 3.03). 
The U.S. imports from Dominican Republic elasticities and marginal effects 
of each independent variable are shown in Table 18. The most notable estimate was 
that of lagged imports, which influenced U.S. imports from the Dominican island by 
0.45% for every 1% increase in previous imports. The marginal effects presented that 
a one dollar increase in the value the Dominican Peso against the U.S. dollar would 
decrease U.S. agricultural imports by 2.49 million dollar, with everything else 
remaining constant. 
TABLE 18: Independent variable effects on U.S. Agricultural Imports from 
Dominican Republic 
  Elasticities Marginal Effects 
Exchange Rate -0.04 -2.49
US Per Capita GDP 0.17 185.21
Lagged Imports 0.45
Arable Land 0.13 1.60
 
El Salvador 
The model expressing movements of U.S. agricultural imports from El 
Salvador (in millions of US dollars): 
lms= -228.808 +0.122yr -0.180les +0.443lyu -0.014hs -0.469pms +2.729as 
      (-7.53)   (7.69)   (1.80)         (2.52)     (-0.28)     (-2.81)        (7.39) 
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This model’s goodness of fits was 62.24% and had the highest number of 
significant variables within its equation. All the signs expressed the expected 
economic relationship with regards to agricultural exports to the United States. All 
the positive relationships (year, U.S. per capita GDP, previous imports and total 
arable land in Costa Rica) were statistically significant at the 5% level of acceptance. 
The other relationships were not significant at the 5% level (hurricanes); but the 
exchange rate estimate was significant at the 10% level (0.085, -1.80).  
The marginal effects and elasticities with regards to U.S. imports from El 
Salvador are shown in Table 19. The strongest elasticity relationship was that of total 
arable land and permanent crops in El Salvador, which with a 1000 hectare increase 
in land use would increase exports to the United States by 34 million dollars.  
TABLE 19: Independent variable effects on U.S. Agricultural Imports from El 
Salvador 
  Elasticities Marginal Effects 
Exchange Rate -0.18 -8.85
US Per Capita GDP 0.44 259.35
Lagged Imports -0.47
Arable Land 2.73 34.14
 
Guatemala 
Guatemalan agricultural exports to the United States can be expressed by the 
following equation: 
lmg= -92.508 +0.049yr -0.091leg -0.080lyu -0.103hg +0.303pmg +0.632ag 
      (-2.83)     (2.87)   (-0.55)      (-0.29)       (-1.45)     (1.58)        (0.70) 
A 66% adjusted R-squared expressed good goodness of fit for this model. 
Despite this, there were no statistically significant estimates (at either the 5 or 10% 
level) in the model besides the intercept and year coefficient. Despite that, all of the 
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signs expressed the expected economic relationships, except U.S. per capita GDP, 
which had a negative sign.  
TABLE 20: Independent variables effects on U.S. Agricultural Imports from 
Guatemala 
  Elasticities Marginal Effects 
Exchange Rate -0.09 -3.49
US Per Capita GDP -0.08 -104.45
Lagged Imports 0.30
Arable Land 0.63 7.79
 
The elasticities and marginal effects of each independent variable for U.S. 
agricultural imports from Guatemala are shown in Table 20. The strongest elasticity 
estimate was that of the land use variable, with an elasticity of 0.63%, resulting in an 
increase of U.S. imports from Guatemala and a marginal effect of 7.79 million dollars 
given an increase of 1000 arable hectares of land (other factors remaining constant). 
Honduras 
The estimation of U.S. agricultural imports from Honduras is expressed as 
follows:  
lmh= -102.387 +0.053yr -0.124leh +0.172lyu -0.061hh +0.325pmh -0.279ah  
          (-1.61)      (1.67)    (-0.88)        (0.37)      (-0.85)      (1.86)        (-0.52)  
 
This model exhibited the lowest goodness of fit 31.8% (an adjusted R-square 
of 12.31%) in explanation of the variation of U.S. imports from Honduras during the 
years 1976 to 2004. There were no significant values at α=0.05. There was one 
coefficient that was significant at the 10% significance level, which was the previous 
agriculture imports lag (0.077, 1.86), showing a positive relationship with U.S. 
imports from Honduras. Despite the statistically insignificant values, all the other 
estimates revealed the expected signs, except the estimate for total arable land, which 
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displayed a negative relationship with regards to U.S. agricultural imports of 
Honduran agricultural products.  
The elasticities and marginal effects for Honduran exports to the United States 
are shown in Table 21. The highest elasticity is that of lagged agricultural imports and 
total arable land; showing a 1% increase of in either variable would lead to a 0.32% 
increase and a 0.28% decrease on current U.S. import, respectively (everything else 
held constant). The exchange rate showed that a 1% increase in the real exchange rate 
value would lead to a 0.12% decrease in U.S. imports of Honduran agricultural 
products. There was a negative marginal effect with regards to exchange rates where 
an increase in the real exchange rate (a depreciation of the U.S. dollar) would lead to 
a fall in U.S. imports of 43 million dollars.  
 
TABLE 21: Independent variables effects on U.S. Agricultural Imports from 
Honduras 
  Elasticities Marginal Effects 
Exchange Rate -0.12 -5.19
US Per Capita GDP 0.17 137.22
Lagged Imports 0.32
Arable Land -0.28 -2.17
 
Nicaragua 
The model estimation for U.S. agricultural imports to Nicaragua is as follows  
lmn= 434.781 -0.246yr +0.009len -7.088lyu +0.453hn +0.338pmn -2.151an 
      (-4.16)   (4.51)   (3.16)         (0.03)   (-0.34)   (-0.65)        (-3.02) 
This model with an adjusted R-square of 40.73%, had only one significant 
statistic at the 5% level and one other at the 10% level of confidence. The estimates 
for year, U.S. per capita GDP and total land didn’t express the relationship expected 
by economic theory. None were significant at the 5% level of confidence. The sign 
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for lagged agricultural imports from Nicaragua was as expected (with values at 
0.0281, 2.36), showing a positive trend with regards to current imports.  
Table 22 shows the estimated elasticities and marginal effects with regards to 
U.S. imports from Nicaragua.  Two notable elasticities were those with respect to 
U.S. per capita GDP and total arable land. A 1% increase in U.S. per capita GDP 
would lead to a 7.09% decrease in U.S. agricultural imports. A 1% increase in the 
total arable land would lead to a 2.15% decrease in imports.   
 
TABLE 22: Independent variable effects on U.S. Agricultural Imports from 
Nicaragua 
  Elasticities Marginal Effects 
Exchange Rate 0.01 0.48
US Per Capita GDP -7.09 -2402.66
Lagged Imports 0.34
Arable Land -2.15 -7.88
3.5 Discussion of the Results 
 The econometric model was developed to estimate the effectiveness of the 
exchange rate to explain movements in bilateral trade between the United States and the 
DR-CAFTA region. After developing the theoretical relationship between real exchange 
rates and trade, actual historical data were compiled to determine if economic theory 
explained real world interactions. 
The analysis for bilateral trade movements for the DR-CAFTA consists of three 
parts. The first part in section 3.3, contained the descriptive analysis of the variables 
being used in the estimation procedure and the model condition under which the 
equations were simultaneously run. The second part in section 3.4, the statistical test 
results and model problems were addressed to ensure correct estimation. The third 
section was divided in two parts, where the regression estimation results and their 
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interpretation were discussed for the export side (Section 3.4.1) and import side of the 
model (3.4.2). The elasticities and marginal effects were also derived for this section. 
The purpose of the study was to examine the effects of exchange rates on the 
agricultural trade movements. The previous statistical discussion was divided into 2 
separate movements and did not discuss the implications on overall trade. The individual 
interactions of the variable when in regards to bilateral trade are discussed in the 
following sections. 
3.5.1 Exchange Rate Effects on Agricultural Bilateral Trade  
 The results indicated a tendency for the exchange rate to be a significant variable 
when trying to account for movements in U.S. agricultural exports to the DR-CAFTA 
region, but not for opposite trade flows. The real exchange rate was expressed in terms of 
the U.S. dollar per amount of the foreign currency, so if the value increased, this was in 
essence a depreciation of the dollar. The historical data observed had an overall 
appreciation of the U.S. dollar against the other currencies (the observed values were 
growing smaller). Our economic hypothesis theorized that a U.S. dollar depreciation (the 
case of our observed values increasing) would have a positive effect on U.S. exports and 
a negative effect on U.S. imports from the region.  
Four of the observed countries (Costa Rica, Dominican Republic, El Salvador and 
Nicaragua) had the expected relationship in regards to importing U.S. agricultural 
products. The results showed that, with an increase in value of their currency, these 
countries also increased the value of agricultural imports from the United States. Three of 
these four countries real exchange rate relationships were significant at the 95% level of 
confidence.  
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Honduras and Guatemala displayed the opposite expected relationship with 
regards to their currency exchange rate with the U.S. dollar and the amount of imports 
from the United States. The estimation showed that a fall in the value of their currency 
actually increased the value of the U.S. exports. The estimation results were only 
significant for the Guatemalan estimate, since the Honduran estimator was not significant 
at even a 10% level.  These two mixed results, in comparison to the other countries, lead 
to the assumption that there may be underlying unobserved factors in these two countries 
that may be affecting the relationship. One possible scenario is that economic turmoil in 
these countries has increased the provision of U.S. concessions of exports. 
The exchange rate effect on U.S. imports from each of the countries did not show 
significant results. This may be due to the fact that since, as an exporter, the U.S. is the 
main market for these countries, the amounts would be more consistent over time, 
whereas as exporters, the DR-CAFTA countries are interchangeable to the U.S. and are a 
relatively small component of total U.S. agricultural consumption. The expected 
economic relationship was that with a depreciation of the U.S. dollar (meaning an 
increase in the estimates value), the imports from the countries would decrease. This was 
the case for all countries except Costa Rica and El Salvador, though none of the values 
had statistical significance. In the case of El Salvador, the odd relationship may be 
explained by the fact that there is no nominal depreciation occurring since the country is 
dollarized and there are no expected price changes by the country’s exporters in regards 
to trade. 
A further conclusion could be made, that with a depreciation of the dollar, the 
U.S.  agricultural trade balance with Central America would become a surplus (a 
decrease in the current deficit). Observations show that the dollar has been appreciating 
against the Central American currencies and the U.S. trade balance with Central America 
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has remained in deficit. This deficit has slowed as the foreign currencies themselves have 
begun to slow in their depreciation against the dollar.  
3.5.2 Income Effects on Agricultural Bilateral Trade  
 Per capita GDP was included in the estimation to observe the measure of the 
populations shared income effects on exports and imports. For U.S. agricultural 
exports to the DR-CAFTA regions, the country per capita GDP was theorized to have 
a positive effect on the entrance of U.S. products into the DR-CAFTA region. As the 
individuals share of income increased, there would be a corresponding increase in the 
demand for U.S. agricultural goods in that country. Although none of the countries’ 
estimators proved to be significant, only Costa Rica, the Dominican Republic and 
Honduras displayed the expected relationship. 
 With regards to U.S. per capita GDP and its relationship with imports from 
the DR-CAFTA region, the U.S. income showed mixed results. There was a positive 
relationship in regards to the Dominican Republic, El Salvador and Honduras. The 
three other countries displayed an unexpected negative relationship. This observation 
does not take into account that while the DR-CAFTA countries’ main imports are 
from the United States, the North American country has a much larger selection to 
choose from when selecting its agricultural products, and these only account for 3% 
of total U.S. gross domestic product (USDA).  
3.5.3 Production Factors Effects on Agricultural Bilateral Trade  
 This study did not observe direct agricultural production by the Central 
American countries. Rather, it took into account variables that would have a direct 
impact on the ability of a country to export and import agricultural products. The first 
indicator was that of hurricanes which aggravate the areas’ economies with the 
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constant incidence of destruction, flooding and death. Hurricanes would be expected 
to cause an overall decrease in exports to the United States and increase American 
exports back to the region.  
The problem with this expectation is that the model did not take into account 
the foreign aid given to these countries after the events. The foreign aid is injected 
into the country to counteract the negative impacts of the hurricanes and thus may be 
causing even further distortion in the model. The results were mixed in regards to the 
effects of hurricanes on imports and exports. 
 Another factor expected to influence the amount of U.S. exports entering the 
countries was that of capital investment by DR-CAFTA region farmers. The usage of 
tractors per 1000 hectares in the importing country as compared to the United States 
was used as a proxy for capital investment. Theory would suggest that as farmers 
invested more (increased tractor use) the amount of U.S. agricultural product entering 
that country would decline. With the exception of Guatemala and El Salvador, all 
countries exhibited the expected inverse relationship. This variable proved to be an 
important factor in explaining U.S. exports to the region. 
 The total amount of arable land and permanent crops dedicated towards 
agricultural production was expected to have an impact on exports to the United 
States. As the land usage increased, four of the countries exhibited increased values 
of exports to the United States. The exceptions were Honduras and Nicaragua, which 
are estimated to experience decreases in export values when there are increases in 
land use. This variable does not take into consideration the efficient use of arable 
land.  This could be the reason why the estimates proved to be insignificant. 
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3.5.3 Lag Effects on Agricultural Bilateral Trade  
 Lag effects of each independent variable were included in each of the models. 
While U.S. exports did not prove to be well explained by their previous exports to the 
region, the other side of the trade model did show significant results. Previous 
imports had positive impacts on present values of foreign exports to the United States. 
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CHAPTER 4 
SUMMARY AND CONCLUSIONS 
This study addressed the question of the effectiveness of real exchange rate 
explaining bilateral agricultural trade movements for the DR-CAFTA region. The 
introductory background study was presented in Chapter 1, with an overview of the 
background and theory following the importance of exchange rates in agricultural 
trade and a history of agricultural trade in the selected region. Chapter 2 presented a 
literature review of the previous studies focusing on the effects of exchange rates on 
bilateral trades between developed countries. 
The theoretic background and analysis procedures were presented in Chapter 
3. An empirical model was proposed with which to analyze the impacts of real 
exchange rates on bilateral agricultural trade and functions were estimated to 
determine to what extent real exchange rates impacted the corresponding bilateral 
agricultural trade between the respective economies. The results, while inconclusive 
on the U.S. import side, show that exchange rates were important in explaining U.S. 
exports to the DR-CAFTA region.  
4.1 Summary of the Study 
According to economic theory the exchange rates influences movements in 
agricultural prices and are an important determinant of the agricultural sector trade. 
The paper exposed the theory and economic models under which exchange rate 
fluctuations create shifts in the excess supply and demand between countries in the 
international market. A history of the dynamic relationship between the United States 
and the DR-CAFTA region (composed of Costa Rica, Dominican Republic, El 
Salvador, Guatemala, Honduras and Nicaragua) was also reviewed showing an 
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emerging regional economy after political unrest until the third quarter of the 
twentieth century. 
The economic theory was then econometrically tested through the Ordinary 
Least Squares method to examine to what extent the real exchange rates between the 
United States and less developed countries were constant with accepted theory. The 
agricultural trade movements were investigated by examining imports and export 
values between the United States and the selected counties and proposing the 
exchange rate as one of the explanatory variables in the econometric model.  
Given the interdependence of the trade flows within the region, the OLS 
equations were run as a system of equations under Seemingly Unrelated Regression 
estimation. The information was on annual exports and imports for the region from 
1976 to 2004.  
The exchange rate effect entered into the model in the form of the foreign 
countries’ currency value with respect to the U.S. dollar. The expectation from 
economic theory was that depreciation in the U.S. dollar would have a positive effect 
on U.S. exports and a negative effect on U.S. imports from the DR-CAFTA region. 
There were some major concerns of this study in the underlying interdependence of 
the factors and their effects on trade. Since we can only theoretically hold other 
factors constant, it is unknown how much each factor has an effect on other 
determinants of bilateral trade in the Central American region with the United States. 
Among the results of this study, U.S. agricultural exports should be given 
more emphasis, since it is the more stable and larger economy. Given the developed 
economy of the United States, it seems logical that an established world power would 
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have a behavior that complied with economic theory. The Central American countries 
however, are less developed countries and still in periods of transition. With a mere 
20 years under established democracy and floating exchange rate regimes, free of 
governmental control, it cannot be expected that economic theory would apply to the 
same extent when there are underlying socioeconomic factors unaccounted for by this 
econometric model. 
It should be noted that the trade data in this study only included movements to 
and from the United States. There is a large amount of trade between the Central 
American countries, and while the United States is the major trading partner, other 
Latin American countries do have large volumes of trade with the region. The result 
of this study could be overestimating the effects of the variables, since this 
information has been omitted.  
Further studies for larger markets and including intraregional trade would be 
useful to understand why the estimates showed such low significance in explaining 
the trade flows in the model. With regard to the inconsistent estimation results on the 
U.S. import side of the model, it must be remembered that these countries represent 
less than one percent of the U.S. agricultural market (USDA). 
4.2 Implications and Recommendations 
The study found exchange rates to be significant for U.S. exports to the DR-
CAFTA region, but not for U.S. imports. This does not mean that the exchange rates 
do not impact U.S. imports and overall trade; it may mean that there are other 
underlying factors which may be more dominant in influencing the results of the 
model. Given the correlation between the initial variables, there is likely room for 
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improvement of the model through the inclusion of other factors, such as tariff 
programs, trading incentives and foreign direct investment in the region. 
Future research should involve a more complete data set, encompassing 
observations that include earlier trade information and a broader number of trade 
partners in the model. Also a second tier of trade among the countries themselves 
would be of interest, since there is large amount of re-exports within the economic 
region. 
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APPENDIX A: HURRICANE HISTORY IN CENTRAL AMERICA 
TABLE A-1: List of Significant Hurricanes Affecting Central America from 1976-
2004 (Employed as Dummy Variables for year of hit and year following) 
History of Hurricanes in Central America  
Category 2 and above (96mph and higher) 
 Hurricane Name (Wind Speed) Countries Affected 
1978 Greta (130 mph) Guatemala, Honduras 
1979 David (172 mph), Federic (135) Dominican Republic 
1987 Emily (115 mph) Dominican Republic 
1988 
Gilbert  (185),  
Joan-Miriam (145) 
Costa Rica, Dominican Republic, El Salvador, 
Guatemala, Honduras, Nicaragua 
1993 Gert (100 mph) Costa Rica, El Salvador, Honduras, Nicaragua 
1996 
Hortense (140 mph),  
Lili (115 mph) Dominican Republic, Honduras, Nicaragua 
1998 
Georges (120),  
Mitch (180) 
Costa Rica, Dominican Republic, El Salvador, 
Guatemala, Honduras, Nicaragua 
2000 Keith (140 mph) Guatemala 
2001 Iris (145 mph) Guatemala, Honduras 
2004 Jeanne (120 mph) Dominican Republic 
Source: National Weather Service 
 
TABLE A-2: Saffir/Simpson Hurricane Scale 
CATEGORY Winds & Effects 
74-95 mph (64-82 kt) 1 
 Damage primarily to shrubbery, trees, foliage and unanchored 
mobile homes. No real damage to other structures. 
96-110 mph (83-95 kt) 2 
 Some roofing material, door, and window damage. Considerable damage to 
vegetation, mobile homes, etc.. 
111-130 mph (96-113 kt) 3 
 Some structural damage to small residences and utility buildings. Mobile 
homes are destroyed. Flooding near coast destroys smaller structures with 
larger structures damaged by floating debris. Terrain may be flooded well 
inland. 
131-155 mph (114-135 kt) 4 
 More extensive wall failures with some complete roof structure failure on 
small residences. Major erosion of beach areas. Terrain may be flooded 
well inland. 
155 mph+(135+ kt) 5 
 Complete roof failure on many residences and industrial buildings. Some 
complete building failures with small utility buildings blown over or away. 
Flooding causes major damage to lower floors of all structures near the 
shoreline. Massive evacuation of residential areas may be required. 
Source: Louisiana Office of Homeland Security and Emergency Preparedness 
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APPENDIX B: SUMMARY STATISTICS 
 
TABLE B-1: Covariance Matrix Used for Estimation 
  lxc lxd lxs lxg lxh lxn lmc lmd lms lmg lmh lmn 
lxc 0.028546 -0.001509 0.000624 0.009505 0.006969 0.010550 -0.001161 -0.005933 0.005554 -0.001063 0.004420 -0.003379 
lxd -0.001509 0.019060 0.003799 0.009014 0.003425 -0.020700 0.000353 0.009772 0.001599 0.004636 0.001102 0.062621 
lxs 0.000624 0.003799 0.016697 0.008219 0.004718 0.130760 0.000005 0.009905 -0.010019 -0.002429 0.002707 0.067953 
lxg 0.009505 0.009014 0.008219 0.035715 0.014992 0.052170 -0.000659 0.007984 -0.007305 0.006827 0.005369 -0.000800 
lxh 0.006969 0.003425 0.004718 0.014992 0.039611 0.004390 0.002796 0.007614 0.010704 0.006427 0.002696 -0.086786 
lxn 0.010551 -0.020701 0.130763 0.052169 0.004388 10.739120 -0.083886 0.142811 -0.150172 -0.090664 -0.144339 3.635053 
lmc -0.001161 0.000353 0.000005 -0.000659 0.002796 -0.083890 0.004582 0.000814 0.007431 0.005850 0.003739 -0.041254 
lmd -0.005933 0.009772 0.009905 0.007984 0.007614 0.142810 0.000814 0.027528 0.003900 0.007160 0.003725 0.172396 
lms 0.005554 0.001599 -0.010019 -0.007305 0.010704 -0.150170 0.007431 0.003900 0.060799 0.018622 0.008337 -0.110585 
lmg -0.001063 0.004636 -0.002429 0.006827 0.006427 -0.090660 0.005850 0.007160 0.018622 0.022203 0.006397 0.029832 
lmh 0.004420 0.001102 0.002707 0.005369 0.002696 -0.144340 0.003739 0.003725 0.008337 0.006397 0.009865 -0.032119 
lmn -0.003379 0.062621 0.067953 -0.000800 -0.086786 3.635050 -0.041254 0.172396 -0.110585 0.029832 -0.032119 5.094847 
 
TABLE B-2: Inverse Covariance Matrix Used for Estimation 
  lxc Lxd lxs lxg lxh lxn lmc lmd lms lmg lmh lmn 
lxc 67.7702 -0.4382 -0.1144 -17.3376 -14.9274 -0.4676 41.2732 41.5441 -15.4466 19.5046 -60.3032 -1.7727 
lxd -0.4382 83.9450 -15.8071 -29.7005 8.7860 1.6422 -21.3121 -25.8108 -12.2875 3.8443 55.1171 -1.0888 
lxs -0.1144 -15.8071 136.1078 -4.0273 -11.1415 -2.0224 -53.2807 -31.5816 26.9803 37.0922 -74.0666 0.1701 
lxg -17.3376 -29.7005 -4.0273 77.0477 -19.0123 -1.2494 83.3463 -2.3973 28.5777 -49.9335 -57.8229 2.2910 
lxh -14.9274 8.7860 -11.1415 -19.0123 43.6377 0.3763 -37.9117 -21.0742 -8.1766 0.2876 45.0428 1.0135 
lxn -0.4676 1.6422 -2.0224 -1.2494 0.3764 0.2371 -0.7943 -0.8542 -0.9385 0.5803 5.2623 -0.1246 
lmc 41.2732 -21.3122 -53.2807 83.3463 -37.9117 -0.7943 623.2527 46.3649 3.3570 -148.7004 -194.818 4.1270 
lmd 41.5441 -25.8108 -31.5816 -2.3973 -21.0743 -0.8542 46.3649 105.1560 -14.4917 -4.4279 -63.9682 -2.8586 
lms -15.4466 -12.2875 26.9803 28.5777 -8.1766 -0.9385 3.3570 -14.4917 42.6252 -30.3494 -32.6726 1.7302 
lmg 19.5046 3.8443 37.0922 -49.9335 0.2876 0.5803 -148.7004 -4.4279 -30.3494 137.8042 -0.7326 -3.4705 
lmh -60.3032 55.1171 -74.0666 -57.8229 45.0428 5.2623 -194.8186 -63.9682 -32.6726 -0.7326 362.9778 -0.5554 
lmn -1.7727 -1.0888 0.1701 2.2910 1.0135 -0.1246 4.1270 -2.8586 1.7302 -3.4705 -0.5554 0.4973 
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TABLE B-3: Autocorelation Test  Statistics 
Durbin-Watson Statistics 
Equation Order DW Pr < DW Pr > DW 
     
lxc 1 2.02 . . 
lxd 1 1.84 . . 
lxs 1 1.26 . . 
lxg 1 1.61 . . 
lxh 1 2.00 . . 
lxn 1 1.92 0.128 0.872 
lmc 1 2.71 . . 
lmd 1 1.53 . . 
lms 1 1.97 . . 
lmg 1 1.83 . . 
lmh 1 2.34 . . 
lmn 1 1.77 . . 
 
 
 
Godfrey's Serial Correlation Test 
Equation Alternative LM 
Pr > 
LM 
lxc 1 2.53 0.112
lxd 1 2.88 0.0897
lxs 1 6.47 0.011
lxg 1 3.51 0.0612
lxh 1 2.18 0.1402
lxn 1 2.3 0.1297
lmc 1 4.57 0.0326
lmd 1 2.68 0.1014
lms 1 2.53 0.1119
lmg 1 0.71 0.3993
lmh 1 2.63 0.105
lmn 1 2.26 0.1324
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TABLE B-4: Normality Test  Statistics 
  Normality Test 
Equation Test Statistic Value   Prob 
lxc Shapiro-Wilk W 0.98 0.7848
lxd Shapiro-Wilk W 0.94 0.1347
lxs Shapiro-Wilk W 0.97 0.5375
lxg Shapiro-Wilk W 0.97 0.6218
lxh Shapiro-Wilk W 0.97 0.5937
lxn Shapiro-Wilk W 0.69 <.0001
lmc Shapiro-Wilk W 0.95 0.1914
lmd Shapiro-Wilk W 0.99 0.9597
lms Shapiro-Wilk W 0.97 0.6714
lmg Shapiro-Wilk W 0.97 0.6671
lmh Shapiro-Wilk W 0.97 0.6967
lmn Shapiro-Wilk W 0.9 0.0139
System Mardia Skewness 424.9 0.0151
 Mardia Kurtosis -0.37 0.7094
  Henze-Zirkler T -0.3 0.7625
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TABLE B-5: Heteroscedasiticity Test Statistics 
Heteroscedasticity Test 
Equation Test Statistic DF Pr > ChiSq Variables 
      
lxc White's Test 27.71 23 0.2271 Cross of all variables 
 Breusch-Pagan 11.56 12 0.4816 Dependant variables 
      
lxd White's Test 25.36 25 0.4422 Cross of all variables 
 Breusch-Pagan 10.67 12 0.5572 Dependant variables 
      
lxs White's Test 27.23 25 0.3444 Cross of all variables 
 Breusch-Pagan 11.68 12 0.4714 Dependant variables 
      
lxg White's Test 27.96 25 0.3098 Cross of all variables 
 Breusch-Pagan 24.05 12 0.02 Dependant variables 
      
lxh White's Test 26.29 24 0.3387 Cross of all variables 
 Breusch-Pagan 18.07 12 0.1135 Dependant variables 
      
lxn White's Test 27.99 25 0.3083 Cross of all variables 
 Breusch-Pagan 27.34 12 0.0069 Dependant variables 
      
lmc White's Test 25.17 23 0.3417 Cross of all variables 
 Breusch-Pagan 17.12 12 0.1451 Dependant variables 
      
lmd White's Test 25.57 24 0.3752 Cross of all variables 
 Breusch-Pagan 20.41 12 0.0597 Dependant variables 
      
lms White's Test 28.15 26 0.3509 Cross of all variables 
 Breusch-Pagan 14.6 12 0.2638 Dependant variables 
      
lmg White's Test 25.39 25 0.4405 Cross of all variables 
 Breusch-Pagan 14.59 12 0.2646 Dependant variables 
      
lmh White's Test 27.07 24 0.3011 Cross of all variables 
 Breusch-Pagan 12.63 12 0.3964 Dependant variables 
      
lmn White's Test 27.99 25 0.3084 Cross of all variables 
  Breusch-Pagan 23.99 12 0.0204 Dependant variables 
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